




EXE CUT IVE SUMMARY 

PREFACE 

There i s  increas i ng recogn it ion among a l l secto r s  o f  the na
tion ' s e conomy that o i l  and gas  mu st continue to s upply the Un ited 
State s with the maj or ity of i t s energy r eq u i r ements over the ne a r  
term . Th e l ong l ead t ime requ i red fo r conve r s i on f rom o i l  or g a s  
to coal and for d evel opment o f  a synthet i c  f ue l  ind u stry d i ctate s 
th i s .  In the inte r im pe r iod , the nati on mu st seek a resource  that 
can be d eve l oped q u i c k ly , incremental ly , and w ith as few env i ron
mental conce rns a s  po s s ib l e .  One opt ion wh i c h  c o u l d  potent i a l ly 
f it the se req u i r ements i s  to e xplore for , d r i l l , and prod uce 
" unconventional g a s " : Dev on i an Shale gas , c o a l  s e am g a s , g a s  d i s
so l ved in geopre s s ured b r ine s , and gas from t ight re s e rvo i r s . Th i s  
repo rt ad d re s s e s  the s ig n i f i c anc e o f  the s e  sou r c e s  and the econom i c  
and techn i c a l  cond itions und e r  wh i c h  they c o uld be d ev e l oped . 

By l etter d ated June 20 , 1 9 7 8 ,  the Nat i ona l Petrol e um Counc i l  
( NPC ) , a n  ind u s  try ad v i sory c omrni t tee to the Se c retary o f  Ene rgy , 
wa s reque sted to prepare an ana lys i s  o f  potent i a l  nat u r a l  g a s  r e 
covery from coal seams , Dev on i an Sh a l e ,  g e opre s s ur ed b r ine s , and 
t ight gas re s e rvo i r s . In requesting the study , the S e c retary 
stated that: 

. . •  You r  analys i s  should a s s e s s  the resour c e  base  and 
the state-o f-th e-art o f  recove ry te chno l ogy . Add i 
tional ly , you r  appr a i s a l  should  inc l ud e  the outl ook 
for cost and recovery o f  unconventi onal g a s  and 
should cons i d e r  how g ove rnment po l i cy c an improve 
the outlook . ( Se e  Append i x  A fo r c ompl ete text o f  
the Sec retary ' s  l ette r and a f urther d e sc r ipt i on o f  
the Nationa l Petrol e um Counc i l . ) 

To a id it in r e s pond ing to th i s  reque st , the Nat i onal Petrol e um 
Counc i l  e stab l i shed the Cornrni ttee on Unconvent i onal Ga s Sou r c e s  
under the cha i rmansh i p  o f  John F .  Bookout , Pre s ident and Ch i e f  
Execut ive Of f i c e r , She l l  O i l  Company . R .  Dob i e  Lang enk arnp , Dep uty 
As s i st?nt Sec reta ry for Re source Deve l opment & Operations , Re source 
Appl i c ations , u.s. De pa rtment o f  Energy , s e rved a s  Gove rnment Co
cha i rman of th e Cornrni t tee . A Coord inat i ng S ub c ornrni t tee and four  
task g roups , by sour c e , we re fo rmed to as s i st the Commi tte e . ( Ro s 
te rs o f  the se study g roups a r e  inc l ud ed i n  Append i x  B . ) An attempt 
was mad e in forming the se study g roups to inc l ud e  part i c ipants w i th 
d ive rg ent v i ews . Th i s  somet ime s l ed to d i f f e r ent p ro j e ct ions into 
the f uture . Wh en s uc h  d i f fe renc e s  arose , the stud y g roups r e l ied 
on ava i l ab l e  factu a l  d ata rather than on theory . Th i s  report rep
resents a consens u s  v i ew of  the results o f  the stud y . D i s c u s s i ons 
are g iven , howeve r ,  of i terns fo r whic h d i f f e rence s in v i ewpo int 
arose and of the manner in wh i ch the c onsens u s  v i ew wa s obta ined . 

Seve ral prev i ou s  stud i e s  o f  the se r e so u r c e s  have b e en mad e  by 
var ious  group s .  The 1 9 7 3  Nat ional Ga s Survey , s pon sored by the 

1 



Fed e r a l  Powe r Commi s s ion , e stimated gas  resou r c e s  in p l a c e  in some 
we stern t ight gas  b a s ins and in the Devon i a n  Sh al e .  No e st imate s 
were mad e o f  recove ry o r  econom i c s . Th e Of f i c e  o f  Te c hnol ogy 
Ass e s sment ( OTA ) stud i ed Devon i an Sha l e  g a s  and e st imate d pote n
t i a l ly r ecove r ab l e  r e s e rve s and f uture produ c t i on r ate s f o r  several 
gas  pr i c e s; the i r  re port wa s i s s ued in 19 7 7 .  The most rec ent study 
was that o f  Lew i n  and As so c i ate s in 1 9 7 9  wh i ch e st imated potential  
re s e rves and f uture prod uction rate s for  e a c h  of  the  four  type s of  
unconventional g a s  sour c e s  cove red by th i s  N PC stud y . In th i s  
report , NPC e st imate s are c ompared w ith e st imate s f r om the OTA and 
Lew i n  stud i e s . Th e r e  i s  gene ral ag reement among the s e  r epo rts a s  
to the potent i al o f  the source s .  

The Nati ona l Petrol e um Counc i l ' s  report , Unc onventi onal Gas 
Source s ,  i s  be ing i s s ued in f ive volume s: 

• Vo l ume I - Exe cutive Summa ry 

• Vo l ume I I  - Coal Se ams 

• Vo l ume I I I  - Devon i an Sh a l e  

• Vo l ume IV - Geopr e s s ured Br ine s 

• Vo l ume V - T ight Ga s Re se rvo i r s  ( Pa rts I a nd I I ) . 

The Co al Se ams , Devon i an Sha l e ,  and Geop r e s s ur ed Br ine s volume s 
were i s s u ed i n  June 1 9 8 0 .  The Exe cut ive S umma ry and T ight Ga s 
Re s e rvo i r s  vo l ume s are be ing i s s ued in De c ember 1 9 8 0. Part I I  o f  
the T ight Ga s Re s e rvo i r s  vol ume pre sents deta i l ed appra i sa l s  o f  12 
b a s ins and s uppo rts the analy s e s  pr e sented in Pa rt I of that vol
ume . Th i s  Exe c ut ive Summa ry pro v i d e s  an o ve r v i ew o f  Vo l ume s I I ,  
I I I ,  I V ,  and V .  

RE SULTS 

With in e a c h  vo l ume , the resource b a s e , state-o f-th e-art o f  
recovery technology , potential r e s e rve s and product ion , con
stra ints , and unc e rta int i e s  as soc i ate d with e ach s o urce are  e x am
i ned . Th e report pr e sents e stimate s of wh at c ou l d  happen und e r  
certa in a s s umed te c hn ic a l  and economi c  c i r c umstanc e s and i s  not 
intended to represent a forecast of what wil l  o c c u r . 

Re source 

In th i s  repo rt , the in-p l a c e  gas  resource o f  coal  s e am s , Devo
n i an Sh ale , and t ight gas r e s e rvo i r s  is e st imated to be v e r y  l a rg e . 
No ind epend ent e st imate o f  the in-p l ace g a s  of g e opr e s s ured b r ine s 
i s  mad e s ince p ubl i shed e st imate s are so l arge that tota l re so urce 
s i z e  is not cons i d e red a c onstra int to d eve l opment . Even though 
only a portion of the se source s '  in-pl ace re s o urce i s  e st imated to 
be econom i c al ly r ecove r ab l e , unconventional g a s  could be a s igni f i 
c ant add it ion to the nat ion ' s  f uture gas  s upply . 
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Th e resource e s t ima t e s  depe nd heav i ly o n  the e xt r apo l a t io n  o f  
l imi ted d a t a . The coal se ams e s t ima te i s  based on ava i l ab l e  l im
i ted gas  conte n t  d a ta wh i c h  perta i n  mo s tly to known g a s sy b i t um i 
nous coa l s . The Devon i a n  Sha l e  e s t ima te i s  a l so b a s ed o n  ra the r 
1 im i ted me a s ur eme n t s  o n  b l ack and g r ay Devon i a n  Sha l e . Al t hough 
there is a l r e ady s ig n i f i c ant shale gas  prod uc t io n  in some por t i on s  
o f  the Appa l ach i a n  bas i n , mo s t  o f  the resource i s  i n  und r i l led and 
unproved area s .  The re source e s t imate s for t igh t gas re s e rvo i r s  
a r e  based on de ta i l ed eva l u a t ions o f  1 2  b a s i n s  o u t  o f  the 1 1 3  u.s. 
bas i n s  ( exc l ud i ng Al a s ka ) that prod uc e ga s .  Re s ul t s  for the se 12 
bas i n s  we r e  ext r apo l a ted to the other bas i n s . 

Re se rve Add i t ions 

Fo r e ach sour c e , r e s e rve add i t ions and prod u c t io n  rates a r e  
cal c ul a ted as  f un c t i o n s  o f  f ive gas  pr i c e s  ( $2 . 5 0 ,  $ 3 . 5 0 ,  $ 5 . 0 0 ,  
$ 7 . 0 0 ,  and $ 9 . 0 0  p e r  mi l l ion B t u  [MMBt u] ) , t h r e e  r a t e s  o f  r e turn 
( 1 0 ,  1 5 ,  and 2 0  percen t ) , l and a t  l e a s t  two l eve l s  of tec h no l ogy . 
Co nstant January 1 ,  1 9 7 9 ,  d o l l a rs are used i n  a l l analy s e s .  Po te n
t i al ad d i t ions s hown on Tabl e  1 are c umul a t ive add i t io n s  through 
the ye ar 2 0 0 0 ,  and the pr i c e s  g ive a 1 0 ,  1 5 ,  o r  2 0  p e r c e n t  d i s
coun t ed c a s h  f l ow ra te o f  re t ur n  ( ROR ) to the prod u c e r  on the h igh
e s t  cos t ( l as t )  i nc r eme n t  o f  produc t i on . Th e se r e s e rve add i t ions  
( and the  prod uc t ion r a t e s  shown in  Tabl e  2 )  re f l e c t  conve n t i o n a l  
technology f o r  c o a l  s e ams , De von i a n  Sh a l e , a n d  g e op re s s ured b r i n e s . 
They re flec t a d ev e l opme n t  schedule  c a l l ed a " s ta ndard scenar i o "  
for t ig h t  g a s  r e s e rvo i r s  wh i ch a s s ume s a pha s i ng - i n  o f  advanced 
technology . The po ten t i a l  t igh t gas re s e rve add i t i o n s  by the yea r  
20 0 0  repr e s e n t  abou t ha l f  the resource expec ted to b e  ul t ima te ly 
recoverabl e ( se e  Tabl e 4 of the T i g h t  Ga s Re s e rvo i r s  s e c t ion o f  
th i s  volume ) .  

Ga s pr i c e s  o f  $ 5 . 0 0  and $ 9 . 0 0/MMBt u are equ iva l en t  to $ 29 . 0 0 
and $ 52 . 0 0  per barrel  o f  c rud e o il and b racke t pre s e n t  d e contro l l ed 
c rud e o i l  pr i c e s . Unconven t ional gas  produc t ion  f rom coal  s e ams , 
Devon i a n  Sh al e , and g eopre s s ured b r i n e s  qual i f ie s  for d e con t ro l l ed 
h ig h-cos t gas  pr i ce s .  Produc t ion from t ig h t  g a s  r e s e rvo i r s  qua l i
f ie s  for a con trol l ed i nc e n t ive gas pr i c e  o f  $ 4 . 5 9/MMBtu a s  o f  
Se ptember 22 , 1 9 8 0  ( $ 3 . 3 3/MMBt u i n  January 1 ,  1 9 7 9 ,  d o l l ar s ) . Th e 
i nc e n t ive pr i c e  enco urag e s  t ig h t  gas  d eve l opme n t , and whe n  gas  
p r i c e s  are de r eg u l a ted i n  1 9 8 5 -1 9 8 7 ,  the r a te o f  r e s e rve ad d i t io n s  
should increa s e . 

The e s t ima t e s  i n  Tabl e  1 may be opt imi s t i c  b e c a u s e , when f a c ed 
w i th a cho i c e  on a c r i t i c a l  parame te r ,  the s t ud y  par t i c ipants u s u
al ly mad e the op t imi s t i c cho i ce . 

lThe s e  r a te s  o f  re t urn are re a l  r a te s  
me n t ,  a f te r tax , and take r i sk i n to accoun t .  
i n f l a t io n . 
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o f  r e t ur n  o n  i nve s t
Th ey d o  no t re f l e c t  



Source 
""" 

Coal Seams 

Devonian S hale 

Geopressure d Brines 

Tight Gas Reservoirs 

TABLE 1 

Cumulative Potential Reserve A dditions to the Year 2000 

(TCF) 

Gas Price (Constant 1979 Dollars) 

$2.50/MMBtu $5.00/MMBtu 

10% 15% 20% 10% 15% 20% 10% 

ROR ROR ROR ROR ROR ROR ROR -- -- --

5 3 2 25 20 17 45 

7 3 0.3 20 15 11 27 

0 0 0 0. 1 0. 1 0.1 0.6 

-- 156 -- 237 229 223 --

$9.00/MMBtu 

15% 20% 

ROR ROR 

38 33 

23 21 

0.5 0.3 
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Prod uc t i on Ra tes 

Po ten t i a l  prod u c t io n  r a te s  for unconve n t i o n a l  gas in  1 9 9 0  and 
the ye a r  20 0 0  are g iven i n  Tab l e  2.  The se ra te s  a s s ume a h igh r a te 
o f  explorat ion and d e v e l opmen t .  T i g h t  g a s  r e s e rv o i rs o f fe r  the 
large s t  con t r i bu t ion to po ten t i a l  prod uc t io n  r a te s .  The r a te o f  
deve lopmen t  wh i ch c o u l d  l e ad to the t ig h t  g a s  prod u c t ion r a te s  
shown i n  Tab l e  2 ( and t o  the r e s e rve add i t io n s  s h own i n  Tab l e  1 )  i s  
cal l ed the s tand ard s c e n a r i o . I t  i s  bel i eved that  th i s  s c e n a r i o  i s  
ach i evable  bu t o n ly w i th a h igh d egree o f  e f fo r t  a nd c omm i tme n t .  

TABL E 2 

Po ten t i a l  Prod uc t ion Ra te s , 1 0% Ra t e  o f  Re turn , 
For Gas P r i c e  o f  Up to $ 9 . 0 0/MMB t u  

( TCF/Yr ) 

Source 1 9 9 0  

Coa l  Se ams 0 . 6  

Devon ian Sha l e  0 . 6  

Geopre s s ured Br ine s 0 . 0 5  

T i g h t  Ga s Re se rvo i r s  2 . 5 
3 . 8  

CONCL USIONS 

2 0 0 0  

2 . 4 

1 . 0  

0 . 0 8 

1 0 . 5  
1 4 . 0  

The po ten t i al for recove ry from unconve n t i o n a l  gas  s o urce s  i n
volves compl ex re l a t ionsh ips among resource .b a s e , t e c h no l ogy , e co
nom i c s , and gove r nmen t  po l i cy , mak i ng g e n e r a l i za t i o n s  d i f f i c ul t .  
From i t s s t udy , howeve r ,  the Na t ional Pe tro l e um Coun c i l  d raws the 
fo l l owing i n te r r e l a t ed conc lus ions: 

• Na t ur a l  gas from coal se ams , Devon i a n  Sh a l e ,  a nd t i g h t  gas 
rese rvo1rs could make a s1g n1f1c ant contr1bu t1on to f u t ur e  
u.s. g a s  s upply . Conve n t1ona l  n a t ural  g a s  re s e rve add1 t ions  
have been 1 0 - 1 4  TCF annua l ly in  r e c e n t  ye ars . At  the $ 5 . 0 0 
per MMB t u  gas  pr i c e  level and a 1 0  p e r c e n t  r e a l  ROR a f t e r  
tax , the to tal  un conve nt ional r e s e rve add i t ions through 
20 0 0 ,  if  ach i eved be twe e n  1 9 8 1  and 20 0 0 ,  wou l d  ave rage abou t 
1 4  TCF p e r  ye ar . Be c ause  of the d i f f i c u l ty o f  prop e r l y  as
se s s i ng r i sk , ant i c i pa ted rates o f  r e t ur n  h i gher than 1 0  
pe rcent may b e  r equ i red to a t tract i nv e s tme n t , a t  l e a s t  i n i 
t i ally . B y  t h e  yea r  20 0 0 ,  a n n u a l  prod u c t ion could be about 
1 0  TCF f rom t ig h t  gas r e s e rvo i r s , 2 TCF f rom coal s e ams , and 
1 TCF f rom Devon i a n  Shal e , w i th n eg l ig i b l e  prod u c t ion f rom 
geopr e s s ured b r i ne s . 
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• The r e  i s  c o n s i d e r ab l e  un c e r ta i n ty i n  the e s t ima te s o f  
r e s e rve add i t io n s  and prod uc t ion ra te s. An i nd i c a t io n  o f  
th i s  un c er ta i n ty i s  shown by the range o f  e s t ima te s i n  Tab l e  
1 .  Th e g e o l og i c  and techn i c a l  u n c e r t a i n t i e s  fo r mo s t  
sour c e s  a r e  so g re a t  tha t re sou r c e  b a s e  a s s e s sme n t s  a s  we l l  
a s  r e s e rve add i t ion and prod uc t ion r a te e s t ima te s for a ny 
spec i f i ed e conom i c  cond i t io n  may b e  s ub s ta n t i a l ly i n  e rror. 
Furt h e r  re source character i za t ion s t ud i e s , r e s e a r c h  and 
d eve l opme n t ,  and f ie l d  e xpe r ie nc e  w i l l  b e  r eq u i red to 
improve pred i c t ion capab i l i t ie s. 

• The rate  o f  d eve l opmen t  o f  unconve n t i on a l  sourc e s  w i l l  be 
h1g h l y  depend e n t  on econom i c  cond i t1on s. Th e se sou r c e s  
conta i n  hlg h-co s t  gas  wh i c h  gener a l ly wa s no t prod uced a t  
pr i o r  g a s  pr i c e s. As me n t ioned prev io u s l y , t h e s e  so u r c e s  
now q u a l i f y  fo r d econtrol l ed or i n c e n t ive g a s  pr i c e s; how
eve r ,  c u r r e n t  l eve l s  of gas s uppl i e s  are s uppr e s s i ng f i e ld 
pr i c e s  i n  c e r ta i n  are a s. Es t ima t e s  i n  th i s  r e po r t  a s s ume 
that  ma rke t s  wi l l  exi s t  for the produ c i b l e  g a s. Th u s , g ov
e r nmen t  a c t ions  a f f e c t i ng gas u s ag e  c o ul d  s ig n i f i c a n t l y  
imp a c t  t h e  r a te o f  unconve n t ional  g a s  d e v e l opme n t. The 
re so l u t io n  o f  l eg a l  q ue s t ion s as to the own e r s h i p  of coal 
s e ams a nd geop re ss ured b r i n e s  g a s  wi l l  also imp a c t  the i r  
d eve l opmen t. 

S ign i f i c a n t  r i s k  and c ap i tal requ i r eme n t s  are a l so a s soc i 
ated wi th the d eve l opme n t  o f  these  r e sou r c e s. Ac h i eveme n t  
o f  the re s e rve add i t i on s  e s t ima ted fo r coal  s e ams , Devon i a n  
Sh a l e ,  and t ig h t  gas  r e s e rvo i rs wi l l  i nvolve c ap i ta l  needs 
i n  exc e s s  of $20 0 b i l l ion. Such pro j e c t s  w i l l  h ave to c om
pe te fo r ava i l a b l e  f unds wi th o th e r  e n e rgy a c t iv i t ie s , 
i n c l ud i ng c o nve n t i on a l  o i l  and gas  explor a t ion and prod u c
t io n  as we l l  as  o th e r  eme rg i ng technol og i e s  ( syn f ue l s , s h a l e  
o i l ,  e tc. ) .  Ga s w i l l  a l so h ave t o  c omp e t e  w i th o th e r  f ue l s  
fo r i ts share o f  the ma rke t. 
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ECONOMIC EVALUATION 

Th i s  s e c t ion conta ins a l i s t ing and d i s c u s s ion o f  the p a r ame
ters used in e conom i c  eva l u a t ions in th i s  s t ud y . Each of the 
source vo l ume s a l so has  a s e c t i on on econom i c s  pro v id ing add i t i onal 
d e ta i l s  of the e conom i c  c a l cul a t ion me thod s pe r ta ining to each g a s  
source . A l i s t ing o f  the e conomic parame t e r s  fo l l ows : 

• Ba s i s  

- January 1, 1 9 7 9, d o l l ar s  h e ld cons t an t . 

• Ga s Pr i c e  

- Pr i c e  a t  po int o f  s a l e . Al l cap i ta l  t o  t h a t  po int, s uch 
as  compre s s i on and ga ther ing l ine s, wa s inc l ud ed in the 
eva l ua t ion . 

- For coal s e am gas wh i c h  i s  to en ter a p i p e l ine s y s t em, the 
gas  mu s t  be ga the red and the C02 r emoved; t h e  gas i s  
then transpor ted f urther to the po int o f  s a l e  to a p i pe 
! ine . Co a l  s e am gas  mig h t  a l s o  b e  so l d  fo r l o c a l  u s e  
pr ior t o  c l e anup and compre s s ion . Fo r c ompl e tene s s, 
pr i c e s  both wi th and w i thou t c l e anup and c omp r e s s i on c o s t s  
a r e  pre s e n  ted . We a s s umed tha t sma l l  amount s o f  oxygen 
and n i trogen in coal s e am gas  can b e  taken into ac count by 
r e d uc i ng the gas pr i c e  in propo r t i on to the i r  p e rc entage 
in to tal ga s .  Fo r De voni an Sh a l e  ga s, the gas pr i c e  wa s 
ad j us ted upward s im i l ar ly to account for h ig h e r  than 1, 0 0 0  
B t u  pe r cub i c  foo t  o f  h e a t ing va l u e . Dev on i an S h a l e  g a s  
i s  now cus toma r i ly s o l d  pr ior t o  c ompr e s s ion . For c om
pl e tene s s, the add-on cos t o f  comp r e s s i on and transpo r t  to 
a p ipel ine wa s c a l c ul a ted and pre sented for a r ange o f  g a s  
pr i c e s . 

- The l owe s t  g a s  pr i c e  cons id ered i s  that  wh i c h  g i v e s  a 1 0  
perc en t  rate  o f  re t urn, a f te r  tax for the be s t  prospec t, 
tak ing r i sk into account . Th e uppe r l im i t  i s  $ 9 . 0 0/MCF 
fo r 1, 0 0 0  B t u  pe r c ub i c  foo t o f  g a s . For f inal c a l c ul a
t ions, g a s  pr i c e s  o f  $ 2 . 5 0, $ 3 . 5 0, $ 5 . 0 0, $ 7 . 0 0, and 
$ 9 . 0 0/MMBt u  we re u s ed . 

• Ca se s 

Two c a s e s  were cons id e red: 

- Current technol ogy a s  l i ke ly to evol ve and improve 
dur ing norma l ope r a t ions; t h i s  i s  the b a s e  c a se . 

- Improved te chnol ogy -- e f fe c t  and t im i ng we r e  d e te rm ined 
for e a c h  gas  source b a s ed on ana ly s i s  of  pro b l ems and im
provements l ike ly wi th l a rge ind u s try/gove rnment r e s e arch, 
d ev e l opmen t, and te s t ing .prog r ams . 
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Other Pa r ameter s  

- Roya lty - - chosen as typ i c a l  f o r  e a c h  area; gene r a l ly i n  
t h e  r ange o f  1/8 t o  1/6 . 

• Taxe s - 46 percent f ed er a l  income tax r ate 
2 pe r c ent state income tax r ate 

1 0  percent fed eral  inve stment tax c re d it on tang i b l e  
equ i pment 

1 0  percent add it i onal ene rgy property tax c r e d i t  on 
tang i b l e  equ i pment used to prod u c e  g a s  f rom gee
pre s s ured br ine s and pl aced in s e r v i c e  in th e 
p e r iod September 3 0, 1 9 78, to Janua ry 1, 1 98 3 . 2 

- Dep l et i on Al l owance -- Statutory r ate s to be compared w ith 
5 0  percent of  net income and cost d e pletion i n  c ustomary 
c omputat ion, a s  fo l l ows : 

Statutory d e pl etion a l l owance o f  1 0  p e r c ent on v a l u e  o f  
gas  prod uc ed from g eopre s s ured br ine we l l s d r i l l ed i n  the 
pe r iod S e ptember 3 0, 1 9 78, to Janu a ry 1, 1 984.2 

Statutory d epl et i on a l l owanc e on v a l u e  o f  hot wate r pro
d uc ed i f  used for geothe rmal p ur po s e s, a s  fol l ows : 

1 9 7 9, 
1 98 1  
1 982 
1 98 3  
1 984 

1 980 - 22% 
- 2 0% 
- 18% 
- 1 6% 

and the rea fte r - 1 5% 

• Overhead - - 1 0  perc ent o f  inve sted cap ita l 
2 0  percent o f  d i rect ope r at ing cost 

• Treatment o f  costs for tax purpo s e s  

- Expense intang i b l e  d r i l l ing and d eve l opment costs . 

- Capita l i ze tang i bl e  equ i pment and wr ite o f f  by the most 
f avorab l e  treatment und e r  c ur rent tax l aws and r e g u l at i ons. 

- Treat l ea se h o ld and e xplorat ion c o sts in the most f avo r
a b l e  manner pe rm itted by c u r r ent tax l aw s  and reg u l at i ons. 

• Treatment o f  d ry h o l e  costs and othe r  r i sks . B u r d en s uc
ce s s f ul wel l s with the i r  share o f  d ry h o l e  c o st s  ( uns uc
ce s s f ul explor at ion, l e a se hold, and othe r  nonrecove r a b l e  
cost s) . 

2Th i s  c red it and depl et ion a l l owance we r e  a s s umed to cont inue 
to the ye a r  2 0 0 0  s ince it h ad l ittl e e f fect on res ults. 
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• Ra te s of r e turn 

- Base  case  1 0  p e r c e n t, after tax . 

- Also, add i t ional  case s we re comp uted fo r 1 5  and 2 0  p e r c e n t  
rate s o f  re t ur n . 

• Infl a t ion r a t e  ( fo r  p urpose s of c omp u t i ng taxe s ) wa s 8 
pe rcen t .  
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COAL S EAMS 

RESOURC E  

De s c r ipt ion 

Coa l-bed gas  i s  a na t ur a l  byprod uc t of c o a l  fo rma t ion and c an 
be found in vary ing quant i t i e s  in coal s e ams l y i ng b e l ow d ra inag e . 
Al though a l arge por t ion of the gas  th us fo rmed h a s  e sc aped to the 
a tmosphe re, a po r t ion h a s  b e en trapped and rema ins in pl ace . Co a l 
bed gas  mol e c ul e s  e xh ib i t  a h igh aff in i ty f o r  the i r  p a r en t  ma te r i a l  
wh i c h  enab l e s  larger vo l ume s of the g a s  to b e  s to red i n  coal than 
in porou s med i a  ( s ands tone s, e tc . )  a t  the s ame cond i t i on s .  Me thane 
is the pr ima ry c omponent and gener a l ly c ompr i s e s  8 5  to 9 9  p e r c ent 
of the vo l ume . Its c a l o r i f i c  va lue var i e s  from 8 5 0  to 1 , 0 5 0  B t u  
p e r  cub i c  foo t; a v a l ue of 1 , 0 0 0 wa s a s s umed fo r t h i s  s t ud y . 

Co al-b ed gas  conta ins only a sl ight  po r t i on ( l e s s  than 2 p e r 
cent) o f  t h e  to tal  ene rgy conta ined by the coal  that  h o s t s  i t .  

Magn i tude 

The coal gas re source i s  int ima t e ly re l a ted to the coal r e
sour c e  base i ts e lf . Only l im i ted coal s e am g a s  content d a ta a r e  
ava i l able  and t h e y  pe rta in mo s tly to known, g a s s y  b i t um inous c o a l s . 

Tab l e  3 pre sents coal  gas  re source s wh i ch h ave been pro j e c ted 
from p ub l i shed u.s. Geo l og i c a l  Survey ( USGS) r e so u r c e  d a t a  and from 
s t udy par t i c i pant d e l i b e r a t ions on the gas  content of c o a l s . 

1 • 

2. 

TABLE 3 

E stimated In- Place Resource of C oal-B ed G as 

C oal C ategory 

300-3,000 feet deep 

(identified and 

hypo thetical) 

A .  An thracite 

B .  Bituminous 

c. Subbituminous 

D. Lignite 

3,000-6,000 feet deep 

(hypothetical) 

Total 

Estimated Coal 

Resource 

(Bill ions of 

S hort Tons) 

46 

1,001 

1' 13 7 

504 

388 

1 1  

Estimated 

Gas Content 

(Ft3 /Ton) 

200 

200 

80 

40 

200 

Projected Gas 

Resource (TCF) 

9 

200 

91 

20 

78 

398 



EX P LORATION REQUIRED TO LOCATE THE B ETTER RESOURC E 

A cons id e r ab l e  amou n t  o f  i n f o rma t io n  pe r ta i n i ng to the g a s
pro d uc i ng po te n t i a l  o f  coal se ams e x i s t s  and h a s  a l r e ady b e e n  
e v a l u a ted d u r i ng t h e  course o f  o i l  and g a s  d r i l l i ng ac t iv i ty .  

METHODS OF RECOVERY 

Th e maj or techn ique s for re cover i ng c o a l -bed g a s  are : 

• Hyd r a ul i c a l ly s t imula ted ver t i c a l  we l l s  

• Un s t imul a ted hor i zon tal  hole s  from ve r t i c al sha f t s  

• Un s t imula ted hor i zon tal ho l e s  from m i ne acce s s  

• S l a n t  hol e s  tha t t e rminate w i t h  l o ng ho r i z o n t a l  i n-se am 
segme n t s . 

In o rd e r  to me e t  near-term ,  e conom i c a l ly s e n s i b l e  e n e rgy needs,  
t h e  v i ab l e  a l terna t ive s h ave been r e d uc ed to e i th e r  h yd ra ul i c a l ly 
s t im u l a ted ve r t i c al we l l s  o r  to un s t imu l a ted hor i zo n ta l  we l l s from 
ver t ic a l  s ha f t s .  Many e xper ienced co a l  m i n e  ope ra to r s  h ave e x 
p r e s sed conce r n  ove r t h e  po s s i b i l i ty tha t hyd raul i c a l ly i nd uc ed 
frac t ure s can impo s e  add i t i on a l  r i sk to s a f e  and e f f i c i en t  m in i ng 
o pe r a t i on s . Some o f  the f ew hyd raul i c  f r ac t ur e s  tha t have b e e n  
mined through a n d  v i s u a l ly i n s pec ted tend t o  s up po r t  the con t e n
t ions o f  the unpred i c ta b l e  n a tur e o f  hyd raul i c a l ly i nd u c ed 
frac t ure s .  

The me as ured gas pro d uc t ion from hor i zon t a l  hol e s  i s  s ub s tan
t i a l ly g re a t e r  than that o f  hyd raul i c a l ly s t imu l a ted ve r t i c al we l l s 
comple t ed i n  the s ame s e am .  Ga s prod uc t io n s  o f  up to 3 0  thous and 
c ub i c fee t pe r day ( MCF/D ) pe r 1 0 0  f e e t  o f  ho r i zo n ta l  ho l e  l ength 
and ho l e  l e ng t h s  i n  e x ce s s  o f  1 ,  00  0 f e e t  h ave been r e por ted . Th e 
U . S .  Bu r e a u  o f  M i n e s  h a s  a l ready d emo n s tra ted the tech n i c a l  f e a
s ib i l i ty o f  un s t imu l a ted hor i zontal hol e s  d r i l l ed from a s h a f t  i n to 
the ga s sy P i t t sburgh coal seam i n  northern We s t  Vi rg i n i a .  

STUDY METHODOLOGY 

In o rd e r  to r e l a t e  gas prod uc t ion on a un i fo rm l y  appl i c a b l e  
b as i s, i t  wa s d e c id ed to pro j e c t  l i ke ly g a s  produc t io n  p e r  foo t  o f  
coal s e am th i ckne s s . Th i s  approach l ends  i t se l f  to an econom i c  
e valua t ion d i c t a ted by t h e  to tal th i ckn e s s  o f  c o a l - b e a r i ng s t rata 
a t  any g ive n l o c a t ion . 

The ave r age coal th i ckn e s s  fo r each coa l -b e a r i ng c o un ty wa s 
c al cu l a ted from p ub l i shed USGS total  i n-pl a c e  coal tonnage, p ub
l i shed areal e x ten t o f  the coun ty, and the coal d en s i ty u pon wh i c h  
the USGS d a ta we r e  b ased . 
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Th i r ty pe r cent o f  the in-pl ace r e se rve s ly i ng a t  d e p th s  o f  
1 , 0 0 0  fee t o r  l e s s  were e l imina ted based on the a s s ump t i on tha t 
shal l ow coals wou l d  conta in l i t tl e ,  i f  any , produc i b l e  c o a l-bed 
ga s .  The to tal re so urce for each coal rank a s  a f unc t ion o f  se am 
thi ckne ss wa s pl o t ted on a g raph. Hypo the t i c a l  s c ena r ios f o r  
mul t i we l l  pro j e c t s , inc l ud ing wa ter hand l ing , sma l l we l lhead c om
pre s sors , p iping ,  e tc . , we re empl oyed fo r cos t-e s t ima t ing p urpo s e s. 
An annual rate o f  prod uc t ion d e c l ine o f  1 0  pe rcent and a 9 0  pe r cent 
d r i ll ing s uc c e s s  r a t i o  we re empl oyed. A produc t i on l i fe of 12 
years and an overal l pro j e c t  l i fe o f  2 0  ye a r s  were u s ed in the e c o
nom i c  eva l u a t i ons . 

Ga s produc t ion a t  s ix d i f ferent r a te s ,  r ang i ng f rom 1 0  to 1 5 0 
MC F/D pe r we l l ,  were u sed . Co s t s  for ad d -on i t ems , s uch a s  s c r ub 
b ing , h igh-pr e s s u r e  c ompr e s s i on ,  e tc . , we r e  c a l cu l a ted and p r e 
sented separa te ly f o r  e a c h  c a s e  ( $ 0 . 6 0- $2 . 0 0  pe r MC F}. A d i s
counted cash flow analy s i s  b a sed on the d i f fe rent g a s  produc t i on 
scenar i os wa s generated u s ing the f inanc i a l  g u id e l ine s e s tab l i shed 
for the s t udy. 

RESULTS 

The cumu l a t ive add i t i ons to ul t ima te re cove ry to the ye a r  2 0 0 0  
tha t are l i ke ly to evolve d ur ing the next 2 0  ye a r s  we re p ro j e c ted 
for both s t im u l a ted ve r t i c a l  we l ls and ho r i zontal ho l e s  from ve r t i 
cal sha f t s . It should b e  po inted out tha t the pro d u c t ions from 
the se two scenar ios are  mu tual ly e x c l u s ive. Th e re s ul t s  are  d i f f i 
c ul t  to pre s ent conc i s e ly in tabular form and are thus pre s ented i n  
g raph form in F i g u r e s  1 and 2 .  

CONSTRAINTS 

Legal 

The coal-bed gas  owner s h i p  i s s ue is unre s o l ved and w i l l  h ave to 
awa i t  f inal cour t d e c i s ion. A need e x i s t s  to rev i ew s ta te and 
other loc a l  r eg ul a t ions tha t may a l so be o f  impor tanc e . 

Env i ronmental 

The mos t  s igni f i c ant env i ronmental cons tra int r e l a te s  to the 
d i spo s a l  of produc ed wa ter. The compo s i t ion of c o a l - bed wa t e r  
var ies  from sl igh tly ac id i c  t o  sl ightly a lkal ine and onl y min ima l 
knowl ed ge o f  the m ineral makeup i s  ava i l ab l e. Wh e re wa ter ava i l 
ab i l i ty i s  an i s s ue ( a s in some we s tern l oc a l e s) ,  the wa ter tabl e 
d rawd own become s an i s s ue in i t se l f . 

Commerc i a l  

Uncerta int i e s  i n  the r a te and d e c l ine o f  c o a l-bed g a s  a r e  
l i ke ly to d e ter the f inal i z a t ion o f  gas  p urchase ag r e ements.  Im
pur i t i e s  s uch as wa ter and c arbon d io x i d e  are a l s o  o f  c onc e rn be
cause o f  the i r  corro s ive po ten t i a l  when c omb ined. Ga s prod uc ed 
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Figure 1 .  Annua l Rate s a s  a Functi on of Time -
Vertica l  W e lls P rojects (Raw Gas  on S i te). 
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f rom pro j e c t s  coupl ed w i th a c t ive m i n ing mu s t  b e  f r e e  to f l ow unen
c umbe red to prevent g a s  "backup" into th e mine s .  

Technolog i ca l  

A ne ed e x i s t s  to obta in add i t ional b a s e l ine informa t ion on the 
g as-prod uc ing characte r i s t i cs o f  coal r e s e rvo i r s . Ga s produc t i on 
ra te s c anno t be pred i c ted for e x tend ed pe r iod s  w i th any d eg r e e  o f  
c e r t a inty . Ad equa te equ i pmen t ( produc t i on, h and l ing, e tc . )  appe a r s  
t o  b e  c omme rc i a l ly ava i l a bl e . A ne w g ene r a t i on o f  d i r e c t iona l 
s urvey i ng and d r i l l  g u id anc e hardwa re i s  evo l v i ng . Th e f u r th e r  
d eve lopment o f  the s e  i tems i s  e s sent i a l  to t h e  s uc c e s s  o f  r o u t ine 
in- s e am long ho r i zontal hol e  d r i l l ing ope r a t i ons . 

MAJOR UNC ERTAINT I E S  

Th e maj or unce r ta in t i e s  i n  coal se am gas  d ev e l opment are: 

• Long - te rm gas  and wa ter prod uc ing charac ter i s t i c s  from coal  
seams ( ra t e s, d ec l ine s, c ompo s i t i onal chang e s) 

• Env i ronmental c ons tra ints pe rta in ing to the e f fe c t  o f  and to 
the d i s posal  o f  g ro und wa ter 

• Coal se ams b e i ng rend e r ed econom i c a l ly unmine ab l e  by hyd r a u
l i c a l ly c r e a ted f r ac t ure s  

• Ga s content o f  nonb i t um i nous coal 

• Gas-produc ing po tent i a l  o f  mos t  coal s e ams 

• Co al-bed g a s  own e r s h i p .  
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DEVONIAN SHALE 

RESOURCE 

The pr inc ip a l  known d e po s i t s  o f  Devon ian Sha l e  g a s  a r e  con
c�ntrated in the Appalach i an, Mi ch ig an, and I l l ino i s  b a s ins in the 
eas tern Un i ted State s .  The s t udy r ecogn i zed d i f f e r ence s in the 
thickne s s  and g a s  content va lue s o f  the d e po s i t s by d e l ine a t ing the 
b lack and g r ay s h a l e  hor i zons . The b l a ck s h a l e s  h ave a h ig h e r  g a s  
content than t h e  g r ay sha l e s  and are general ly b e l i eved t o  b e  the 
predominant source b e d s  of the nat ur a l  gas found in the s h a l e s .  
Al thoug.h the ave r ag e  to ta l th i ckne ss o f  the s h a l e  d e po s i t s in the 
Appalach i an bas in i s  many t ime s greater than that found in t h e  
o ther two bas ins, a large pa r t  o f  t h e  depo s i t  cons i s t s  o f  the poo r
er qua l i ty g r ay s h al e s . 

The in-pl ace g a s  re sourc e wa s c a l c ul a ted on a vo l ume tr i c  bas i s  
us ing the appropr i!=lte g a s  content va lue s fo r the g ray and bl ack 
shal e s .  Among the three bas ins, the Appal ach i an ba s in has t h e  
g reatest resource po tent i a l, v a ry ing f rom 2 2 5  TC F i f  only the b l ack 
shale a s  d e t e rmined by log ana lys i s  i s  cons id e red,  to 1, 8 6 1 TC F i f  
both black and g r ay sha l e s  based on samp l e th i ckne s s  a r e  used . Es 
t ima te s for t h e  M i ch igan and I l l ino i s  bas ins wer e  7 6  TC F and 8 6  
TCF, r e spe c t�v e l y . Th e in-pl ac e  g a s  i s  no t a recove r a b l e  r e sou r c e, 
bu t rather prov ide s  a me ans o f  r anking the s h a l e g a s  po tent i a l  o f  
the three bas ins . 

EXPLORAT ION REQU IRE D  TO LOCATE THE BETTER RESOURC E  

If  f u t ur e  Devon i an Sha l e  e xplor a t ion doe s o c c u r  o n  a l a rg e  
s c ale, i t  wo u l d  probab ly e xpand i n  t h e  App a l ach i an b a s i n  as there 
is  a l r e ady s igni f i c ant shale g a s  prod uct ion; the re fore, for the 
purpo s e  of th i s  s t udy, the pro j e c t ions o f  the po ten t i a l  fo r recov
erab l e  gas wer e  conf ined to th e Appal ach i an ba s in .  Al t h o ugh s im i 
l ar pro j e c t i ons could have been mad e  f o r  the I l l ino i s  and M i c h ig an 
bas ins, e s t im!=lte s  based on s uch l imi ted d a ta wo uld b e  h ig h l y  
specul a t ive . 

METHODS OF RECOVERY .AND STUDY METHODOJ;.,OGY 

H i s tor i c a l  prod uc t i on d a ta from approx ima te ly 2 , 7 0 0  o u t  o f  s ome 
9 , 0 0 0  Devonian S h a l e  we l l s in the four,-s tate a r e a  o f  Ken t ucky, We s t  
Vi rg i n i a, Oh io, and New Yo rk prov ided a s ub s t an t i a l  d a t a  b a s e  i n  
deve l op ing the me thod o l ogy fo r f u ture prod u c t i o n .  A prod u c t ion 
mod e l  us ing a hype rbol i c d e c l ine conf igurat ion a l lowed we l l  pe r
formance to be repre sented by a s ing l e  var i a b l e . Th e b l ack s h a l e  
th i ckne ss and we l l  pe r fo rmance prov id ed t h e  corr e l a t i on to pred i c t  
potent ial  produc t ion from e s t im a t e s  o f  the b l ack s h a l e  t h i ckne s s  in 
the undr i l l ed area s, taking into ac c o unt s uc h  pa_r ame te r s  as we l l  
spac ing, s uc ce s s  r a t i o, and l ands �c ce s s i b l e  fo r f u t ur e  d r i l l ing . 
The pred i c ted we l l  pe r fo rmanc e ,  extracted f r om h i s to r i c a l  d a t a, 
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r epr e s ents the proven s ta te-of-the- a r t  '"trad i t i ona l "  techno l ogy . 
Th i s  t e c hno l ogy could b e  cons ide red more c e r ta in than the o th e r  two 
h ig h e r  leve l s  o f  technology pre sented in the s t ud y . Convent i onal 
technol ogy re pre s ents the ne xt l ev e l  b e yond trad i t i onal and i s  
d e f ined a s  improvements in techno l ogy wh i c h  c ou l d  r e asonably b e  
e xpec ted t o  o c c ur . Th i s  wa s a c h i eved by u pg r ad i ng the trad i t iona l 
we l l  pe r f o rmance ba sed on we l l  s t imu l a t ion r e s u l t s  pub l i shed by E .  
0. Ray ( 19 7 6 ) . The source o f  we l l  d a ta i n  Ray's ana l ys i s  wa s the 
p r ima ry s h al e-produc ing areas and it  r ema ins to b e  d e te rmined 
whe th e r  s im i l ar improvements can be ach i e ved in the o th e r  shal e 
areas . Th e th i rd leve l o f  te chno l ogy , id ent i f i ed a s  the ad vanced 
techno l ogy c a s e , wa s d eve l oped from very 1 imi ted s t imul a t ion and 
e xpl orat i on r e search r e s ul ts . From th i s  d a ta i t  wa s a s s umed that 
ad vanc ed techno l ogy wo uld d o uble the improvement of  c onvent iona l 
technol ogy ove r trad i t ional te chno l ogy . Th i s  a c h i evement wo u l d  in 
al l l i ke l i hood requ i re s igni f i c ant breakthrough s in e i th e r  or both 
p roduc t i on and expl o r a t i on te chnique s .  

RESULTS 

The po ten t i al add i t ions to re s e rve s tha t may po s s i b l y  be d eve l
oped a t  va r ious pr i c e  l eve l s , r ang i ng f rom $ 2 . 5 0  to $ 9 . 0 0  p e r  
MMBtu , were d e t e rmined as a f unc t ion o f  rate o f  r e t urn ( ROR) and 
technol ogy in cons tant January 1 ,  1 9 7 9 ,  d o l l a rs . At a 1 0  p e r c ent 
rate of re t urn , the e s t ima ted recove rable  re s e rve s und e r  t r ad i
t i ona l te chno l ogy at a pr i c e  of $ 2 . 5 0  p e r  MMB t u is 3 TC F; t h i s  
increases  t o  3 9  TC F a t  the max imum pr i c e  o f  $ 9 . 0 0  pe r MMB t u  wi th 
advanced techno l ogy . 

�he pr i c e s  a t  wh i c h  s uppl i e s  could be d eve l oped represent the 
f i e ld pr i c e  pa id to the produc e r  e x c l u s ive of c ompre ss ion and 
s uc t i on p i pe 1 ine fac i l i t i e s . If these  fac i l i t i e s  a r e  taken in to 
cons id e ra t ion , the inc r ement a l  ad d-on c o s t  wo u l d  range b e twe en 
$ 0 . 4 9  and $ 0 . 6 8  p e r  MMB t u  at the $ 2 . 5 0  and $ 9 . 0 0  p r i c e  l eve l s , 
r e s pec t ively . 

Po s s i b l e  prod uc t ion vo l ume s ava i l able  from the e s t ima ted po ten
t i a l  rese rv e s  we r e  d e r ived as  a f unc t i on o f  the d r i l l ing ac t iv i ty .  
The mod e rate d r i l l i ng sc enar io a s s umed that the numb e r o f  r ig s  
wou l d  inc rease a t  a r a te of 12 p e rc ent pe r ye a r; t h i s  r e f l ec t s the 
r ig g rowth rate e xpe r i enc ed in the Appal a c h i an b a s in be tween 1 9 7 3  
and 1 9 7 9 .  Unde r  th i s  d r i l l ing schedul e ,  9 , 0 0 0  produc t ive s h a l e  
wel l s wo uld be in pl ace by 1 9 9 0  wi th annual prod uc t ion o f  14 0 b i l 
l ion cub i c  f e e t  ( BCF) a s s um ing convent ional t e c hno l ogy . By the 
ye a r  2 , 0 0 0 ,  there wo uld be 3 6 , 0 0 0  we l l s  prod uc i ng a t  a ye a r l y  rate 
of 4 7 0  BCF . Cons id e r ing the same d r i l l ing sched u l e bu t d i f f e r ent 
techno l og i e s ,  prod uc t ion in the ye a r  2 0 0 0  wo uld be 3 8 0  BC F for tra
d i t ional techno l ogy and 6 0 0  BCF for ad vanced te chno l ogy . 

A s e cond d r i l l ing schedu l e  ( h ig h  r ig g row th) wa s deve loped to 
i l lus trate the requ i red d r il l ing a c t i v i t y  to d evelop e s s ent i a l ly 
a l l  of the Devon ian S h a l e  r e s e rve s pr i c ed up to and inc l ud ing $ 9 . 0 0  
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gas dur ing the next 2 0  ye ars . With conve nt i onal techno l ogy, 
prod uct ion in 1 9 9 0  wo uld be 5 5 0  B C F  from 3 7 , 0 0 0  prod uc i ng we l l s  and 
wou l d  inc rease to 1 , 0 0 0 B C F  p e r  ye a r  from 1 26 , 0 0 0  we l l s by the 
yea r  20 0 0 . 

CONSTRAINTS 

Signifi cant po rt i ons of the presently e conom i c a l ly c ompetitive 
Devon i an Sha l e  areas are und e r  l e a se and d emand w i l l  d i ctate when 
the gas wi l l  be produc ed, i rre spective of pr i c e . Other areas  l ack 
immed iate ly ava i l ab l e  p i pe l ine s .  The se two constra ints are bar
r iers to the immed i ate d e v e l opment of Devon i an Sh a l e . Sev e ra l  e co
nomic factors re pre sent add itional constr a int s : the 1 0  percent 
ROR, wh i ch i s  cons i d e red repr e sentative of l ow- r i sk prod u c t i on, may 
not be s uff i c i ent fo r d r i l l i ng in the unproven areas,  and c urrent 
s uppl i e s  of g a s  a r e  s uppr e s s ing f i e l d  pr i c e s  fo r natur a l  g a s . 
Al so, the gas  pr i c ing str ucture under the Nat u r a l  Ga s Pol i cy Act 
has not been in effe ct l ong enough fo r product i on bu i ld up, and pro
duct ion w i l l  proba b l y  c ome f i rst from the t ight s andstone fo rma
t ions r athe r  than from the mo re r i sky Devon i an S h al e . 

Env i ronmental and l eg a l  constra ints are not ma j or prob l ems and 
can be d e alt with in the no rmal c o urse of e xplorat ion w ith a m in i 
mum of d e l ay .  Soc io econom i c  cons id e r at i ons a r e  b enef i c i a l  t o  a 
reg ion wh ich i s  e c onom i c a l l y  d e pres sed, a lthough s ome tempo r a ry 
d e l ays in obta in ing ad equate ly tra ined pe r sonne l may d ev e l op .  If 
h i stor ical  trend s are r e a l i st i c  pred i ctor s ,  ne ither r ig ava i l a b i l 
ity nor inve stment capita l  wo u l d  constra in d ev e l opme nt . 

MAJOR UNCERTAINTIES 

The maj o r  uncerta int i e s  to the rap id d eve l opment of Devon i an 
Sh a l e  are pr ima r i l y  techn i c al in nature .  Exp l or at i on proced u r e s  
for l ocat i ng nat ur a l  fract ured shale are poo r, c onvent i ona l st imu
l ation techn ique s have not been d emonstrated w ith c e rta inty, and 
pre sent l ogg ing techn ique s often g ive amb i g uous r e s ults when iden
t ifying potent i a l  produc ing zone s .  The r e  i s  c ons i d e r ab l e  unc e r
ta inty a s  to the amount of techn i c al ly recover a b l e  g a s  s inc e much 
of the Devon i an Sh a l e  r e so u r c e  is not only unproved but not 
d r i l led . Whethe r  the pro j e cted e st imate s of g a s  c an be prod uced 
w i l l  depend upon the d emonstration of f e a s i b l e  e xt r act i on and 
explorat ion te chno l ogy . 
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GEOPRES SURED B RINE S  

RESOURCE 

Geopre s s ured b r ine re se rvo i r s  are und e rg r o und re s e rvo i r s  wh i c h  
c onta in ho t s a l t  wa ter a t  a p r e s s u r e  g r ad i ent g re a te r  than • 4 6 5  
po und s per square i nc h  ( ps i) per foo t o f  d ep t h . The re s o u r c e  b a s e  
i s  h ug e . Geopr e s s ur e d  br ine r e se rvo i r s  are known to e x i s t  in the 
Te rt i a ry d e pos i t s of the Lou i s i ana-Te x a s  Gul f Coa s t; the M i s s  i s
s ipp i Sa l t  bas in o f  Mi s s i s s ipp i and Al abama; d e e p  Me so z o i c  fo rma
t ions of the San Joaq u i n  Va l l ey of Cal i forn i a; the Wind R i ve r, 
P i c e anc e, Gr een R i v e r, U inta, and B i g  Ho rn b a s ins o f  t h e  Ro cky 
Mounta in area; and the Tu sc aloosa-Wood b ine fo rma t ion a long the 
Gu l f  Co as t .  

Ba sed upon e ·x tens i v e  g e o l og i c  d a ta, the Lou i s i ana-Te x a s  Te r
t i a ry trend has  by f ar the mos t  po tent i a l  and prov ide s  the b e s t 
oppo r tun i ty fo r resource d e v e l opment . Th i s  t rend e x i s t s  i n  a b and 
approx ima te ly 5 0  to 7 0  m i l e s  w id e  s t r add l ing t h e  coastl ine f r om 
sou the rn Te xas  to the mou t h  o f  the M i s s i s s i pp i  Ri ve r .  Th e sed i 
ments are known to e x i s t  t o  a th i ckne s s  o f  5 0 , 0 0 0  f e e t; howe ve r, 
the actual  pro s pe c t ive r e s e rvo i r  th i ckne s s  wo u l d  b e  from 5 0 0  to 
1 , 0 0 0  fee t .  In t h i s  s t udy, the s e  br ine s are a s s umed to b e  s a t u
rated w i th natur a l  g a s . 

EXPLORATION REQUIRE D TO LOCATE TH E BETTER RESOURC E  

The l arge e x i s t i ng d a t a  base fo r Te r t ia ry sands tone r e s e rvo irs 
in the Gul f Co a s t  area has enab l ed g e o l og i s t s  to l o c a te the b e s t  
prospec t s  for d ev e l opment . Th i s  d a t a  b a s e, wh i c h  r e s ul ts from mor e  
than 1 0 , 0 0 0  pene trat i ons t o  e xpl o re for and d e v e l op g e op re s s ured 
o i l and gas re s e rvo i r s, has  prov ided knowl edge o f : 

• Re servo i r  temperat ure 

• Re s e rvo i r  pre s s ure 

• Re se rvo i r  qua l i ty 

• Co s t  d a t a . 

Several  facto r s  c r i t i c a l ly important to c omme r c i al d ev e lopment 
and produc t ion of geopr e s s ur ed b r ine s a r e  no t known and mu s t  b e  
re sol ved . The s e  fac to r s  are: 

• Con t i nu i ty of the re s e rvo i r  w i th in a fa u l t  b l o ck 

• Amo unt o f  nat ur a l  gas  and mine r a l s  in so l u t i on in the b r ine 

• Recove ry facto r . 
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Th e De p a r tme n t  o f  Energy we lls o f  oppo r tun i ty a nd d e s ig n  te s t  
we l l s pro g r ams h ave i n  the p a s t  and w i l l  con t i nu e  t o  o b ta i n  d a ta i n  
the se unc e r t a i n  a r ea s . 

METHODS OF RECOVERY . 

Deve lopme n t  o f  a g eopre s s ured br i n e  re s e rvo i r  wo uld con s i s t  o f  
d r i l l i ng and then produc i ng , by n a tural f l ow , t h e  h o t  s a l t  wa t e r  
from deep we l l s; c onve r s ion o f  the geoth e rma l e n e rgy t o  e l e c tr ic i ty 
( wh e n  e conom i c ) ;  s epara t i o n  o f  the me thane from the wa t e r; s a l e  o f  
t h e  me thane; and und e rg round d i s posal o f  t h e  prod uc e d  wa te r .  

S TUDY M ETHODOLOGY 

Th e s t ud y  pa r t i c ipants mad e a d e t a i l ed e ng i ne e r i ng appr a i sa l  of 
the 11 be s t  prospe c t s  id e n t i f i ed by the Un ive r s i ty o f  Texa s and 
Lou i s iana S t a te Un ive r s i ty und e r  the f und i ng o f  the Dep a r tme n t  o f  
Ene rgy . 

The se pro s pe c t s  we r e  examined i n  d e ta i l to d e t e rm i ne the 
f o l l ow i ng: 

• Re se rvo i r  pe r forma n c e  

• Dr il l i ng prog r ams 

• Prod u c t ion and wa ter d i sposal me thod s 

• Ge o th e rma l and hyd raul i c  energy po te n t ia l  

• Produc i ng r a t e s  and recove rab l e  r e s e rve s 

• Cos t e s t ima t e s  and e conom i cs o f  f i e l d  d eve l opme n t .  

RES ULTS 

Ba sed upon the 11 be s t  pros pe c t s  and on an extrapo l a t ion o f  
the i r  data , i t  wa s c o n c l ud ed that i t  i s  po s s i b l e  t o  deve lop and 
pro d uc e  some g eopre s s ured b r i n e  re s e rvo i rs a t  g a s  pr i c e s  r ang i ng 
f rom $ 4 . 0 0  to $ 9 . 0 0/MCF a t  a 1 0  p e r c e n t  ( re a l ) r a te o f  r e turn on 
i nve s tme n t . 

Th e mo s t  op t imi s t i c case pred i c ted gas  r a t e s  o f  5 4  MMC F p e r  d ay 
i n  1 9 9 0  and 8 1  MMCF per d ay by the ye ar 2 0 0 0 .  Ul t ima te recove ry 
for th i s  c a s e  would b e  5 6 8  BCF . 

The l e s s  op t imi s t i c , " Lowe r Med i a n  Ca s e , "  wh i c h  appe a r s  to be 
the mos t  l ike ly f rom t e s t s  conduc ted thus far on two Depa r tme n t  o f  
Ene rgy we l l s  o f  oppor t un i ty and one d e s i g n  te s t  we l l , pred i c t s  
s a l e s  g a s  rate s o f  1 8  MM CF o f  g a s  p e r  day b y  1 9 9 0  and 2 3  MMCF o f  
gas per d a y  by the ye a r  20 0 0 . Ul t ima te recove ry f rom th i s  c a s e  
wou l d  b e  24 0 BCF . 
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CONSTRAINTS 

No techn ical cons tra i n t s  to d r i l l i ng and prod u c i ng geopr e s s ured 
rese rvo i r s  we r e  found . Loca t i ng l arge f a ul t b l o ck s  conta i n i ng 
sands o f  h igh pe rme ab i l i ty i s  the ma j o r pro b l em i n  ach i ev i ng s ig 
n i f i c an t  prod uc t ion . 

MAJOR UNC ERTAINT IE S  

The ma j or un c e r ta i n t i e s  i n  geopr e s s u r ed b r i ne d ev e l opme n t  a r e: 

• Re s e rvo i r  c o n t i n u i ty wi th i n  a faul t b lock 

• Re s e rvo i r  qual i ty 

• Re cove ry factor 

• Po s s i b i l i ty that  the geopr e s s ur ed b r i n e s  a r e  s a t ur a ted w i th 
me thane 

• Sand prod u c t i o n  

• Corros ion 

• Sc a l e  . 

The curr e n t  Depar tmen t  o f  En e rgy te s t  prog r am i s  a imed a t  
resolving some o f  these  un c e r ta in t i e s .  
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T IGHT GAS RESERVO I RS 

BACKGROUND 

For the p urpose s o f  th i s  s t udy , t ig h t  gas  i s  d e f i n e d  
g a s  i n  e i ther b l anke t o r  l e n t i cu l ar forma t io n s  t h a t  have 
e f f e c tive pe rme ab i l i ty of l e s s  than 1 m i l l i d a r cy ( md ) . 
cally , mo s t  o f  the se fo rma t ions have been unec onom i c al 
a t  pr ior gas pr i c e s due to the l ow n a t ur a l  f l ow ra te s  o f  

a s  n a t ural 
an in  s i t u 

Hi s tor i 
t o  produ c e  
the ga s .  

Rec e n tly the ou tlook for s ign i f i c an tly i nc r e a s ed prod uc t io n  o f  
t ig h t  g a s  h a s  b e e n  e nhanced by i nc r e a s e s  i n  g a s  p r i c e  and the 
i n trod uc t io n  o f  ma s s ive h yd r a ul i c  f r a c t ur i ng tech n i q u e s  wh i c h  c r e 
a te a large area i n  t h e  low p e rme a b i l i ty fo rma t io n s  f rom wh i ch g a s  
c a n  f l ow i n to a s i ng l e  we l l .  A fract ured we l l , by e xpo s i ng c on s i d 
e rably mor e  o f  a fo rma t i on ' s  rock f a c e , c an prod u c e  a t  ma ny t ime s 
the ra te that an un frac t ur e d  we l l  c a n . A f r ac t ur e d  we l l  i n  a t ig h t  
g as fo rma t ion typ i c a l ly produc e s  a t  a l owe r r a te bu t ove r a l onge r 
per iod than a we l l  i n  a c o nve n t ional forma t io n . 

I t  has been e s t ima ted tha t by 19 7 8  a s  much a s  0 . 8 TC F p e r  ye ar 
was be i ng p roduced from t ig h t  g a s  forma t io n s . Th i s  r e po r t  analy ze s 
only the i n c r emen tal t ig h t  gas po ten t i a l  and doe s no t i n c l ud e  tha t 
f rom areas prev i o u s ly d ev e l oped and curren tly b e i ng p roduc e d . 

METHODOLOGY 

There are 113 bas i n s  and prov i n c e s  that pre s e n tly prod uce gas  
in  the  Un i ted States  ( ex c l ud i ng Al aska ) . Th i s  s t ud y  h a s  c o nc en
tra ted o n  12 o f  the se b a s i n s  that h ave been i d e n t i f i ed as con
ta i n i ng t ig h t  gas fo rma t ions and fo r wh i ch e xt e n s ive d a ta a r e  
ava i lable . A d e ta i l ed appra i sa l  wa s mad e o f  the t igh t g a s  re source 
i n  these bas i n s . Th i s  d e t a i l ed appr a i sa l  accoun ted fo r approxi
ma te ly 3 5  pe r c e n t  o f  the to tal u.s. are a ( l owe r 4 8 )  thoug h t  to 
conta i n  prospe c t ive t ig h t  g a s . Th e e s t ima t e s  from t h e s e  d e ta i l ed 
appra i s a l s  wer e  then extrapola ted to the r ema i n i ng 6 5  perc e n t  to 
arr ive a t  a total e s t imate o f  the t i g h t  g a s  r e so u r c e  in the l owe r 
4 8  s ta te s . 

Po ten t i a l u l t ima te recove ry wa s c a l c ul a ted a s  a f un c t ion o f  
e ig h t  gas  pr i c e s  ( $ 1 . 5 0 ,  $2 . 5 0 ,  $ 3 . 10 ,  $ 3 . 5 0 ,  $ 5 . 0 0 ,  $ 7 . 0 0 ,  $ 9 . 0 0 ,  
and $12 . 0 0  per thous and c ub i c fee t [ MCF] ) , t h r e e  d i scoun ted ma r 
g i nal r e a l  r a t e s  o f  r e turn ( 1 0 ,  1 5 , a n d  2 0  p e r c e n t ) ,  and  two l ev e l s  
o f  technol ogy . Th e g a s  pr i c e s  exami ned wer e  a s s umed to b e  e f f e c 
t ive immed i a te ly and t o  rema i n  constant throug ho u t t h e  t ime p e r iod . 
The s e  marg inal  r a t e s  o f  re t urn are the m i n imum ra te s  o f  r e t ur n  to 
the prod u c e r  for the h ighe s t  cos t ( l a s t ) i n c r eme n t  o f  r e c overy a t  a 
g iven pr i c e . 

Tight gas wa s a s s umed to h ave an ave r ag e  h ea t i ng va l u e  o f  1 , 0 0 0  
Btu pe r cub i c  foo t; t h u s , a pr i c e  o f  $ 5 . 0 0/MC F  e q u a te s to $ 5 . 0 0  p e r  
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m i l l ion B t u  ( MMBt u )  wh i ch i s  equ iv a l e n t  to c rud e o i l  a t  $29 . 0 0 p e r  
barre l .  Al so , constant  Jan ua ry 1 ,  1 9 7 9 ,  d o l l a r s  a r e  u s ed i n  a l l  
analyse s . 

The marg inal  r a te s  o f  r e t ur n  are used a s  a m i n imum , sole ly to 
d e term i n e  i f  a g iv e n  prospe c t  is to be con s i d e red pro f i table fo r 
i n c l u s ion a s  a n  e conomi c al ly re coverable re so urc e , a nd d o  not  rep
r e s e n t  exp e c ted ave r ag e  rates o f  r e turn fo r the i n d u s try . Th e 
rate s  o f  r e t ur n  c a l c ul a ted i n  the ba s i n chapters o f  Par t  I I  o f  the 
Tigh t Gas Re s e rvo irs  volume are exp e c ted real i nd u s t ry ave rage 
ra te s o f  r e t ur n  on i nve s tmen t ,  a f ter tax , a nd take r i sk i n to 
a ccoun t . Th ey d o  not r e f l e c t  i n fl a t io n . Re t u r n s  fo r i nd i v i d u a l  
compan i e s  w i l l  va ry w i d e ly around the se aver age s .  

Two l eve l s  o f  technology are u s ed for eva l ua t io n . Current 
f ra c t ur i ng techno l ogy a nd we l l  spac i ng reg ul a t ions  r epre s e n t  a base 
case  i n  th i s  r e por t .  Fracture lengths o f  1 ,  0 0 0  fee t f r om we l l  to 
t ip can now be mad e  and spac i ngs o f  1 6 0  a c r e s  pe r we l l  a r e  n ow i n  
use . An ad van c ed techno logy and mod i f i ed f i e ld r e g u l a t ion c a s e  
t h a t  could b e  d eve l oped ove r t h e  next d e c ad e  i s  a l s o  eva l u a ted . I t  
a s s ume s f r a c t ure l e ngths u p  t o  4 , 0 0 0  f e e t  and we l l  spac i ng as  l ow 
a s  5 3  a c r e s . We l l  spa c i ng for ad va nced te chnology ave r ag e s  abou t 
10 6 acre s , or s ix we l l s per s e c t ion. 

Poss i b l e  prod uc i ng r a t e s  for the to tal t ig h t  g a s  r e source wer e  
c a l cu l a ted unde r  s e v e r a l  sc enar ios , i ncorpo r a t i ng var io u s  d eve l op
men t  sche d ul e s  a nd e conom i c  a s s umpt ions . 

RESULTS 

T ig h t  Gas Re source and Recovery 

The s t ud y  i nd i c ate s that t ig h t  gas is w i d e spr e ad in favo rable 
fo rma t ion s . Howeve r ,  e c onomic t igh t gas is  found o n ly i n  t h e  
b e t t e r  qual i ty r e s e rvo i r  rock . The f i e ld bound a r i e s  are s e t  no t 
only by s truct ural and s trat ig raph i c  traps bu t by pe rme ab i l i ty and 
e conom i c s . 

Th e U . S .  t ig h t  g a s  resource and the amou n t  e xpe c ted to b e  
recoverable f o r  both the appr a i sed and extrapo l a ted a r e a s  a r e  s um
mar i zed in Tab l e  4 .  Th e appr a i sal o f  the 12 s e l e c ted b a s i n s  r epre
sents a much h igher l evel o f  con f id ence than the va l ue s  d e t e rm i n ed 
for the ext r apo l a ted areas . 

Th e r e s ul t s  o f  th i s  s t udy s trong ly i nd i c a te t h a t  t ig h t  g a s  
po ten t i al re s e rve i nc r e a s e s  a r e  abo u t  equal ly d epend e n t  o n  pr i c e  
i nc re ase s and a s uc ce s s ful rese arch and deve l opme n t  prog r am . Fo r 
exampl e ,  Tab l e  4 i nd i c a te s  that po ten t i a l recove ry wo uld b e  192 TC F 
for the base case  a t  $2 . 5 0/MC F , and 5 0 3  TCF for  the ad va n c ed case 
at $ 5 . 0 0/MC F . Of th i s  311 TC F po ten t i a l  i nc r e a s e , 1 3 9  TC F would 
r e s ul t  by mov i ng from the base to the ad va nc ed case at $2 . 5 0/MCF , 
and 172 TC F wo uld r e s u l t  by i ncrea s i ng the pr i c e  from $2. 5 0  to 
$ 5 . 0 0/MC F  i n  the ad vanced case . 
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Th e r e s ul t s  show that a po ten t i al r ec ove ry o f  2 9 0 TCF i s  
ava i l able  a t  the prl§!se n t  i nc e n t ive pr i c e  o f  $ 3 .  3 3/MC F  a nd b a s e  
technology . A t  $ 5 .  0 0/MCF the base case  po te n t i a l  sho u l d  i nc r e a se 
to 3 6 5  TCF , and i f  ad vanc ed technology i s  a c h i eved , the po ten t i a l  
could r i se t o  5 0 3  TCF . 

TABL E 4 

U . S .  T ig h t  Ga s Re source and Recove ry Es t ima te s 
Appra i sed and Extrapol a ted Are a s  

( Lowe r 4 8  State s ) 

Appr a i sed Extrapo l a te d  
( 12 Bas i n s ) ( 1 0 1  Bas i n s ) 

Prospe c t ive Are a  ( Se c t ion s ) 3 5 9 , 5 0 0  6 5 5 , 0 0 0  

Prod uct ive Are a  ( Se c t ion s ) 5 3 , 0 0 0  6 8 , 5 0 0  

To tal Gas i n  Pl a c e  ( TC F ) 4 4 4  4 8 0  

Max imum Re cove r a b l e  ( TC F ) 2 9 3 3 1 5  

Ba se Technology --
Re coverable ( TCF ) t  

@ $ 2 . 5 0/MC F  9 7  9 5  
$ 5 . 0 0  1 6 5  2 0 0 
$ 9 . 0 0  18 9 21 5 

Advanced Technology 
Re cove rable ( TCF ) t  

@ $2. 5 0/MCF 142 18 9 
$ 5 . 0 0  2 31 2 72 
$ 9 . 0 0 2 71 3 0 3  

*To tals may not ad d due  to round i ng . 

To tal* 

1 , 01 4 , 5 0 0  

121 , 5 0 0  

924 

6 0 8 

1 92 
3 6 5  
4 0 4  

3 31 
5 0 3  
5 7 4  

tl 5 pe rcen t d i scount r a te o f  ret urn and con s ta n t  Jan u a ry 1 ,  
1 9 7 9 ,  d o l l ar s . 

T i g h t  Gas Prod uc ing Ra te s 

Po ten t i al prod uc i ng ra te s for the l a rg e  t igh t g a s  re source are 
d epend e n t  upo n the d eve l opme n t  schedul e empl oye d .  Fo r the purpo s e s  
o f  th i s  s t udy , a s tand ard scenar i o  wa s d eve l oped t o  a s s e s s  prod uc
i ng rate s .  Th i s  sc enar io , wh i ch is d e s c r ibed i n  Vo l ume V ,  a s s ume s 
a spec i f i c d eve l opmen t  schedule o f  prospe c t s  and a pha s i n g - i n  o f  
advanced tech nology . Th e sens i t iv i ty of produc i ng r a t e s  to e c o
nom i c  var i ab l e s  wa s te s ted by comp u t i ng the s c enar i o  a t  var i o u s  
p r i c e s  a n d  r a t e s  o f  re turn . As a f ur th e r  te s t ,  prod u c i ng r a t e s  
were c al c ul a ted f o r  scenar ios  about t w i c e  a n d  h a l f  t h e  s t andard 
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s c en a r io . Al so , a sc enar io wa s d eve l oped to a s s e s s  the po te n t i a l  
in  t h e  Southwe s t  r e g ion for t ig h t  re se rvo i r  r e c ompl e t ion i n  e xi s t
i ng we l ls .  Re s ul t s we re found to b e  r e l a t ive ly i n s e n s i t iv e  to rate  
o f  re t ur n . For t h i s  rea so n , a 15  pe rce n t  r a te of  re t ur n  wa s u s ed 
for  mos t  c al cul a t ions . 

F i g u r e  3 s hows po s s i b l e  total U . S .  prod u c i ng r a t e s  i n  the 
19 8 0 -20 0 0  per iod for the s tand ard , twi c e - s tand ard , and h a l f 
s tandard s c enar ios a t  $ 5 . 0 0/MCF a nd a 1 5  p e r c e n t  d i scoun ted rate  o f  
re t ur n  a s  we l l  a s  f o r  the s tand a rd sce nar io a t  $ 3 . 5 0/MC F a n d  a 1 5  
percent d i scoun ted rate  o f  r e t ur n .  Th e above s c e na r ios d o  no t 
i n c l ud e  gas  prod uc ed from r e c ompl e t ion s .  A s c h e d ul e  tha t ad d s  ga s 
f rom recompl e t io n s  i n  the Sou thwe s t  reg i o n  to t h e  h a l f - s tand a rd 
scenar i o  wa s a l so c a l c ul a ted . It ag r e e s  reasonably we l l  w i t h  the 
p ro j e c t io n  o f  the E n ergy In fo rma t i o n  Ad mi n i s tr a t ion ( E IA c u rve i n  
F ig ur e  3 ) . 

a: 
< 
w 

16r---------------------�--------------------� 
LEGEND 
----TWICE-STANDARD (55 00/MCF. 15% ROR) · 

-•- STANDARD (55.00/MCF. 15% ROR)' 

--STANDARD (5350/MCF. 15% ROR)' 

----HALF-STANDARD (55.00/MCF. 

- ENERGY INFORMATION 

ADMINISTRATION (EIA) 

t 8r---------------------��-------,,_--------�� 
LL 
u 
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O L-.--.� .. � ����--------��------� 
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*Constant January 1, 1979, dollars. 

Figure 3. Tight Gas Production Rates - Comparison of Scenarios. 

Wi th the s tandard scenario and a 1 5  p e r c e n t  r a t e  o f  re t ur n ,  
annual t ig h t g a s  produc t i on i n  the ye ar 2 0 0 0  c ou l d  r e ach abou t 7 
TC F a t  a $ 3 . 5 0/MC F g a s  pr i c e  and 8 TC F a t  $ 5 . 0 0/MC F . At the s ta n
d ard sc enar io and a 1 0  p e r c e n t  r ate o f  r e t ur n , a nnual produc t io n  i n  
the ye a r  2 0 0 0  co uld reach 1 0 . 5  TC F a t  a $ 9 . 0 0/MC F  g a s  pr i c e . F u r
thermo r e , the cumu l a t ive amoun t o f  t igh t g a s  r ec ove red by t h e  ye ar 
20 0 0  wo uld only be about 1 0 -1 5  perce n t  o f  the recove r a b l e  U . s . 
r e sour c e . Tig h t  g a s  could b e  prod uced a t  an annual r a te o f  8 TCF 
or more un t i l  20 3 0  and a t  a d e c l i n i ng rate un t i l  20 7 0 .  
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EXPLORATION SUC C ES S  AN D RISK 

Whil e gove r nme n t  can create a favorab l e  e nvironmen t, the ul ti
ma te scale o f  tigh t g a s  d evelopme n t  wil l  be con ting e n t  u po n  a 
belie f by the n a tio n ' s  g a s  e xpl o rers, prod uc e r s, a nd t ranspo r te rs 
tha t a l arge tigh t gas  re so urce e xis t s  and is economic a l ly prod uc
ibl e .  Geologi s t s  and inve s tors can find d e tail s abou t b a sins and 
fo rma tion char a c t e ris tics for the 12 ba sin s apprais ed in the chap
ters o f  Vo l ume V, Par t  II . Es tima tes o f  n e t  pay, po rosity, produc
tion r a te s, probability o f  s uc c e s s ,  inve s tmen t  r equir eme n t s ,  and 
ave rag e  rates of re turn fo r 82 s ubbasin s are  dis c u s sed in the tex t 
and tabula ted . The economic d a t a  may be u s ed to make a rough r ank
ing of the s ubbasin s a nd to s e l e c t  favorable a r e a s  f o r  po t e n tial 
tigh t gas pl ay s . Fo rma tio n s  h aving f avor a b l e  g e o c h emic a l  a nd the r
mal his tory fo r g a s  g e n e ration are o f te n  known f rom d ry h o l e s  
d ril l ed in to t h e  fo rma tio n s  i n  the pas t .  Ma ny pros pe c tive a r e a s  
can be located by reexamining old we l l  record s  for  g a s  shows . 

Seismic wo rk c an contribu te littl e to wil d c a t  l o c a tio n s . Pa t
tern d ril ling mu s t  be u sed to locate good quality r e s e rvoir rock . 
Long fractur e s  help to e n l arge the area te s ted by a sing l e  we l l .  
As re se rvoir quality me as ured in mil l id a rcy- fee t d ec r e a s e s ,  the 
risk o f  d ril ling an uneconomical we l l  become s g r e a te r .  Whe n  the 
gas price goe s up, the s e  l ower quality rese rvoirs b e c ome pro fi t
able . The probabl e  r ang e o f  r e s e rvoir qua lity c an b e  e s tima ted 
be fore d ril ling bu t the act ual qua lity at the spe cific we l l  l oc a
tion is unknown . Be t te r  quality re se rvoir rock is s e a rched for by 
d ril ling along natural  f r a c t ur e  concen tr a tion s, f o l lowing l e n tic
ular rese rvoir trends, and working along trend s o f  previo u s  dis
coverie s . Sin c e  the d ril ling ob j e c tive is fo r a hig h e r  va l u e  of 
mil lid ar cy-fee t, it wo uld s e em p r ud e n t  to pre f e r  the thicker fo rma
tions . The b e s t  g uid e, of course, is pr evio u s  e xp l o r a tion and 
d eve lopme n t  e xperie nce . The ba sin chapters in Vo l ume V, Par t II 
r e f l e c t  tha t expe rience in terms o f  economics and risk . 

Th e risk involved is re f l ec ted in the va l u e  o f  the pe rcen tag e 
o f  pros pec t s  e s tima ted to be pro fitable for e ach s ubbasin . The s e  
value s repr e s e n t  the e s tima ted ave rag e pe r fo rmance o f  the who l e  
ind u s t ry . Individ ual  opera tor s  could e xp e c t  t o  approach the s e  
ave r ag e  pe r f o rma n c e s  if e ng aged i n  l arge pl ay s  involving many pros
pe c t s .  Smal l e r  opera tor s  may s pread their ris k s  b y  owning a sma l l  
share o f  many prospe c t s . Among peop l e  who d ril l only one o r  two 
we l l s, ve ry few c an e xpe c t  financial s uc ce s s  un til pric e s  are  much 
higher than they are now . 

POTENTIAL CONSTRAINTS 

Po ten tial cons train t s  to the d evelopme n t  o f  tig h t  gas  were e x
amined; the r e s ul t s  are shown below: 

• Ma rke t d emand a t  the price s  n e c e s s a ry to produ c e  the g a s  may 
not be avail able un til the l a te 1 9 8 0's . 
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• More ope r a to r s  wil l have to become co nvinc e d  that the pro
duc tion technol ogy is d epe nd a b l e, the g a s  r e so u r c e s  are  
avail abl e, and the economics are  f avorabl e be fore many tigh t 
ga s p l ay s  are  begun . 

• Pipe line c apacity is a constrain t now in many p a r t s  o f  the 
c o un t ry, but n ew pipe line s can be buil t as n e ed ed . 

• The s upply o f  ma teria l s, manpowe r, and s e rvice s  is no t like
ly to be a constrain t, e xcept fo r the highe s t  produc tion 
r a te s . 

• The s upply o f  inve s tmen t  f unds wil l  b e  l arge e no ugh to mee t  
the a n ticipated d emand for tight g a s  expl o r a tion and d eve l 
opme n t .  

• A maj o r  por tion o f  the tigh t gas  po t e n tia l is o n  federal 
l ands . Fede r al l ands propo sed fo r wi thd r awa l, a nd tho se 
a l r e ady withd r awn from ene rgy and o ther u se s, c o uld red uce 
the po t e n tial tig h t  gas resour c e s  avail ab l e  not mo re than 4 
o r  5 pe r c e n t  in the l owe r  4 8  s t a te s . 

• Enviro nme n t al con sid erations were no t tho ugh t to be a co n
s train t to inc reased tig h t  gas deve l opme n t  and u s e . 

• The new g a s  price regul a tions e ncour ag e  tig h t  g a s  d ev e l op
men t, and when gas price s  are d e re g u l a ted in 1 9 8 5 -1 9 8 7 ,  the 
pace of exploration should incre ase . 

At the proj e c ted tig h t  g a s  produc tion l ev e l s  d ev e l oped for the 
s tandard scenario, the maj or po ten tial cons train t appe a r s  to b e  
limi ted pipe line c apacity i n  the Rocky Mo u n t ain a n d  No r th e r n  Gr e a t  
Plain s/Wil lis ton a re a s . 

MAJOR UNC ERTAI NTIES AND RES EARCH AN D DEVELOPMENT NEEDS 

Uncertain tie s in De te rmining Charac t e ris tic s o f  Tig h t  Gas 
Forma tions 

In ve ry l ow pe rme ability gas  re se rvoir s, e xis ting me tho d s  and 
too l s  fo r me a s uring c ritic al parame ters have been found to be in
ad equate for a c c ur a t e l y  characterizing the prod ucing fo rma tion s .  
Extreme ly l ow perme ability renders d a ta from d ril l s tern t e s t s  
ne a r ly u s e l e s s .  We l l  l og ging h a s  fail ed t o  ad equa te l y  dis ting uish 
g as-prod uc tive from wa te r-produc tive zo ne s .  Ne t pay thickn e s s  and 
ga s -fil l ed porosity are me as ured with ve ry l ow re liability . Cur
rent coring technique s tend to a l t e r  the rock prop e r tie s prio r  to 
l abora to ry te s ting . Conve n tiona l  l abora to ry te s t s  o f  pe rme ability 
have been shown to produc e r e s u l t s  tha t va s tly ove rs t a te ac t ual 
pe rrne abili ty und e r  rese rvoir conditions o f  wa ter s a t ura tion and 
p r e s s ur e .  Th e dis to r tion is g re a te r  a t  l owe r pe rrne abili tie s, wh ere 
recove ry is more sen sitive to pe rme ability . Labo ra tory meas ure
me n ts and t e s t s  o f  rock s treng th and hard ne s s  are  only now b eing 
d eve l oped and s tand a rdi zed . No downhole pe rrne ab il i ty me as urernen t 
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technique h a s  proved re liable  in tig h t  fo rma tio n s . Pr e s s ur e  te s t
ing o f  wel l s in tight fo rma tions require s va s t ly longer time pe ri
ods than fo r conve n tional formations ( e . g . , we eks vs . h o u r s ) for  
comparabl e precisio n . Me as ureme n t s  of  lens  g e ome t ry h ave been 
limited to s t udie s o f  o u t c rops o f  the fo rmatio n s . Th e n a t ur e  and 
dis tribu tion of the s ubs urface gas-be aring l e n s e s  h ave no t been 
charac terized . Re servoir mode ling also needs improveme n t .  Com
pe tent two dime n sion a l  f l ow mod e l s  are avail ab l e , b u t  three
dime nsional mod e l s  have only beg un to be deve l oped and are  ex ceed
ing ly cos tly to ope r a t e . 

In brie f ,  pre s e n t  rese rvoir charac teri z a tion technique s are in
adequate to guid e  the d e sig n of s timul a tio n technology , to eva l u
ate the pe r fo rmance o f  that technology , or to predic t r e s e rvoir 
pe r forma n c e  we l l  enough to red u c e  the risks t h a t  mu s t  be accoun ted 
for when eva l u a ting a prospe c t  for d evelopmen t .  A l arge inve s tmen t 
in the we l l  mu s t  be mad e  prior to c o l l e c tion o f  s u f ficie n t  d a ta to 
pe rmit valid eva l uatio n . Pre sent  proc e d ure s are either inac c urate 
o r  prohibitively exp e n sive ( o r bo th ) fo r fie l d- s c a l e  appl ic a tio n . 

Th e ob j e c tive o f  improving diagnos tic too l s  is to improve the 
pre cision in mea s ureme n t  and in terpreta tion of the key rese rvoir 
parame ters tha t dire c t  the de sig n o f  the mas sive h yd r a u lic f rac
turing ( MHF ) te chnology and suppo r t  accurate a s s e s sment o f  th e 
geol ogic risks o f  a prospe c t .  

S ummary o f  Re covery and Eva l ua tion Capabilitie s and Need s 

Limited ability to d e termine f r ac t ure g eome t ry s ev e J:;" e ly 
re s tric t s  the ability to predic t per fo rmance o r  to d evelop improved 
me ans to con tro l pe r f o rma n c e . Th e ind u s t ry ' s  c u r r e n t  re spo nse to 
these probl ems is to d e sign a nd pe r fo rm MHF trea tmen t s  to the be s t  
o f  its ability wi th ve ry limited in fo rma tio n . This approach can 
o f ten re s ul t  in e x c e s sive c o s t s , inc ompl e te d rain ag e , o r  the r e 
d uced economic a t tractive n e s s  o f  t h e  reso ur c e . 

Cur rent me thods o f  a s c e r taining geome t ry are limi ted . Tempe ra
t ure logs and tracer te s t s  can s how f r a c t ure heigh t ve ry near  t h e  
we l l  bore , bu t no me a s ures  are avail a b l e  t o  me a s ure heig h t  away 
from the we l l  bore . Mor eove r ,  no technique s c urren tly e xi s t  fo r 
direct me a s ureme n t  o f  f r a c t ur e  wid t h  o r  l e ng t h . Pa r ame tric anal
ysis of pro d u c tion te s t  d a ta by c omp u t e r  r e s e rvoir s imul a to r s  
remains the only me ans o f  inte rpr e ting t h e  conduc tivity a nd length 
o f  a fra c t ur e . Un fort una te ly , this approach prod uce s a l arge n um
ber of viab l e  interpr e ta tions and requires l o ng produc tion and 
pre s s ure te s ting . A f r a c t ure d e s igned fo r 2 , 0 0 0  fee t ,  for e x ampl e ,  
mig h t  pe rform like one o f  1 , 0 0 0  f e e t  fo r seve r a l  po s sib l e  reasons : 
because exces sive ve r tic a l  growth red uced the a c t u a l  l e ng t h , b e 
c ause t h e  fl uid f ail ed to carry the propp a n t  b eyond l ,  0 0 0 f e e t ,  
because o f  l ow cond uc tivity in the fract ure , o r  b e c a u s e  o f  fo rma
tion damage a l l  along the f r ac t ure . 

Pa s t  research and d eve l opme n t  h a s  b e e n  limited to re l a tive ly 
low risk , evo l u tion a ry improveme n t s . Re s e arch prog re s s  h a s  been 
seve rely limi ted by inad equa te r e s e rve ir d a t a . And discouraging 
r e s u l t s , e s pe cia l ly in the l e n ticular sands , h ave c a u s ed prod uc e r s  
to adop t  a " go-s l ow "  po s t ure . 
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Improv i ng the e conom i c  a t trac t iv e n e s s  o f  the t ig h t  sands 
depends o n  i ncrea s i ng the re l i ab i l i ty and e f f i c i e n c y  of ma s s ive 
hyd raul i c  f r ac t ur i ng rel a t ive to the cos t o f  i ts appl i c a t io n . 

From ad vanced technology and c lo s e r  we l l  spa c i ng, ove r a 4 0-
year per i od abou t $ 1 0 0  b il l ion o f  add i t ional ne t r evenue c o ul d  
accumu l a te a s  a r e s ul t o f  ad vanced technol ogy; th i s  h a s  a pre s e n t  
value o f  $ 5 . 4 b i l l i o n . The i n d u s t ry wo uld n e ed to s pe nd appro x i 
mately $ 1 . 5 b i l l io n  fo r research and f i e l d  te s t s  ove r a 1 5-ye a r  
per i od t o  br i ng th i s  abou t .  These cos t s, wi th a p re se n t va l ue o f  
$ 5 7 0  m i l l ion, could b e  re cove red ( und i scounted payo u t )  i n  abou t 
n ine ye ar s .  At a 5 0  pe rc ent probab i l i ty o f  s uc ce s s, the payou t 
t ime wou l d  be e x t e nded to abo u t  12 ye a r s . 
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APPENDICES 



Department of Energy 
Washington, D.C. 20585 

Dear Mr . C handler : 

APPENDIX A 

June 20, 1 9 7 8  

An obj e c t i ve o f  the energy supply ini tiatives o f  the 
Pres ident ' s  energy pol i cy i s  to promote domes t i c  energy pro
duction f rom unconventional sources a s  wel l  as from conven
tional sources . One o f  the area s  to be encouraged i s  the 
recovery of natural gas f rom unconventional sour c e s .  

In the pas t ,  the National Petroleum Coun c i l  h a s  provide d 
the Department o f  the Interior with apprai s a l s  on the extent 
and recovery of the Nation ' s oil and gas r esour c e s  through 
such studies as Future Petroleum Provinc e s , U .  S .  Energy Out
look , Ocean Petroleum Res ourc e s , and Enhanced O i l  Recovery . 

Therefore , the National Petroleum Coun c i l  i s  r eques ted to 
prepare , as an e arly and important part of i t s  new relati on
ship with the Department o f  Energy , a s tudy on unconventional 
sources of natura l  gas to include deep geopr e s s ured zones , 
Devonian shale , tight g a s  s ands , and coal s e ams . Your analy
sis s hould a s s e s s  the r esource base and the s ta te-of-the- art 
o f  recov ery techno logy . Additional ly , your apprai s a l  s hould 
inc lude the outlook for costs and recovery of unconventional 
gas and should consider how Gov ernment pol ic y  can improve the 
outlook . 

For the purpose o f  this s tudy , I wi l l  des ignate the Deputy 
As s i s tant Secretary for P o l i cy and Evaluation to repr e s ent 
me and to provide the nece s s ary coordination between the 
Department o f  Energy and the National P e troleum Counc i l . 

S incerely , 

�s1· � 
Mr . C o l l i s  P .  Chandler , Jr . 
Chairman , National Petroleum 

Counci l  
1 62 5  K Street , N .  W .  
Washington , D . C .  20 0 0 6  

S e cr etary 
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DE S C RI PT I ON OF THE NAT I ONAL PETROLEUM C OUNC I L  

I n  May 1 9 4 6 ,  t h e  Pre s id e n t  s ta ted i n  a l e t te r  to t h e  Se c re t a ry 
o f  the I n te r i o r  t h a t he h ad b e e n  impre s sed by t h e  c o n t r i b u t i o n  mad e 
through g ov e r nme n t/ i nd u s t ry coope r a t ion to the s uc c e s s  o f  t h e  Wo r l d  
Wa r I I  pe t ro l e um prog r am . H e  f e l t  t h a t i t  wou l d  b e  b e n e f i c i a l  i f  
th i s  c l o s e  r e l a t i o n s h i p  we r e  to be con t i n u ed a n d  s ug g e s t ed t h a t t h e  
S e c r e t a ry o f  t h e  I n t e r io r  e s tab l i s h a n  i nd u s t ry o rg a n i z a t i o n  t o  
ad v i s e  t h e  S e c re t a ry o n  o i l a nd na t ur a l  ga s ma t t e r s . 

Pur s ua n t  to t h i s  r eque s t , I n t e r i o r  S e c re t a ry J .  A .  Kr ug e s 
t ab l i s h ed t h e  Na t io n a l  Pe t ro l e um Coun c i l  ( N PC )  o n  June 1 8 ,  1 9 4 6 .  
In O c t o b e r  1 9 7 7 ,  t h e  De p a r tme n t  o f  Ene rgy wa s e s t a b l i s h e d  and the 
Counc i l ' s  f un c t i o n s  we r e  t r a n s f e r r ed to t h e  n e w  d e pa r tmen t .  

The p u rpo s e  o f  t h e  N PC i s  s o l e ly to ad v i s e , i n fo rm ,  
r e c omme nd a t i o n s  to the S e c re t a ry o f  Ene rgy o n  a ny ma t te r ,  
by h im ,  r e l a t i ng to pe t ro l e um o r  the pe tro l e um i nd u s t ry . 
c i l i s  s ub j e c t  to the prov i s i o n s  o f  t h e  Fed e ra l  Ad v i s o ry 
Ac t o f  1 9 7 2 .  

a n d  make 
r eq u e s ted 
Th e C o u n 
Commi t te e  

Ma t t e r s  wh i ch t h e  Se c re t a ry o f  En e rgy wo u l d  l i ke t o  h ave c o n 
s id e red by t h e  Coun c i l  are s ubmi t ted a s  a reque s t  i n  t h e  fo rm o f  a 
le t t e r  ou tl i n i ng t h e  n a t ure and s c ope o f  the s t udy . Th e r e q u e s t  i s  
t h e n  r e f e rred to the N PC Ag e nd a  Comm i t te e , wh i ch make s a r e c omme n d 
a t ion t o  t h e  Counc i l . Th e Counc i l  re s e rve s t h e  r i gh t to d e c i d e  
whe t h e r  o r  n o t  i t  w i l l  c o n s id e r  any ma t te r  r e f e r r ed t o  i t .  

E x ampl e s  o f  r e c e n t  ma j o r s t ud i e s  und e r take n by the N PC a t  the 
reque s t  o f  t h e  Depa r tme n t  o f  t h e  In t e r i o r  a nd t h e  De p a r tme n t  of E n 
e rgy i n c l ud e : 

• Pe t ro l e um Re s o u r c e s  Und e r  the O c e a n  F l oor ( 1 9 6 9 ,  1 9 7 1 �  
Law o f  the S e a  ( 1 9 7 3 ) 
O c e a n  P e t r o l e um Re s o u r c e s  ( 1 9 7 4 ,  1 9 7 5 )  

• Env i ro.nme n ta l  C o n s e rv a t i on - - Th e O i l  and Ga s I nd u s t r i e s  
( 1 9 7 1 , 1 9 7 2 )  

• u . s .  E n e rgy Ou t look ( 1 9 7 1 , 1 9 7 2 )  

• Eme rge n c y  Pr epar ed n e s s  for I n t e r rupt i o n  o f  Pe t r o l e um Impo r t s  
i n to t h e  Un 1 t e d  S ta t e s  ( 1 9 7 3 ,  1 9 7 4 ) 

• Pe t ro l e um S to r a g e  f o r  Na t i o n a l  S e c u r i ty ( 1 9 7 5 )  

• Po t e n t i a l  
1 9 7 4 - 1 9 7 8  
Po te n t 1 a l 
1 9 7 9 - 1 9 8 5  

fo r E n e rgy Co n s e rva t i o n  
( 1 9 7 4 ) 

fo r E n e rg y  Co n s e rva t i on 
( 1 9 7 5 ) 

• E n h a n c e d  O i l  Recovery ( 1 9 7 6 ) 
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i n  t h e  Un i t e d  

i n  t h e  Un i t e d  

S t a te s :  

S t a te s : 



• M a te r i a l s  and Manpower Requ i reme n t s  ( 1 9 7 9 ) 

• Pe t ro l e um S torage & Transpor t a t i on C a p a c i t i e s  ( 1 9 7 9 ) 

• Re f i ne ry F l e x i b i l i ty ( 1 9 8 0 ) . 

Th e N PC doe s n o t  concern i t s e l f  w i th t r a d e  pra c t i c e s , n o r  doe s 
i t  eng a g e  i n  any o f  the u s u a l  trad e a s so c i a t i o n  a c t iv i t i e s . 

Membe r s  o f  the Na t i o n a l  Pe tro l e um Coun c i l  a r e  appo i n ted by the 
Se c re t a ry of Ene rgy and r e pr e s e n t  all s eg me n t s  of pe t ro l e um i n te r
e s t s . Th e N PC i s  h e ad ed by a Ch a i rman a nd a Vi c e  Ch a i rm a n  who a r e  
e l e c t e d  b y  t h e  Counc i l . Th e Counc i l  i s  s uppo r t e d  e n t i r e l y b y  
volun tary c o n t r i b u t i o n s  f rom i t s memb e r s . 



NATIONAL P ETROLEUM COUNC I L  
M EMBERSHIP 

Jack H. Abernathy 
Vi c e  Cha irman 
Entex , Inc. 

Ja ck M. A l l en ,  Pres ident 
Alpar Re sourc es , Inc. 

Robert 0 .  Anderson 
Chairman of the Bo ard 
Atl antic Ri chf i e l d  Comp any 

R. E. B a i l ey 
Chairman a nd 

Chi e f  Executive O f f i c e r  
Co noco Inc. 

R. F. Bauer 
Chairman of the Bo ard 
Global Mar i ne Inc. 

Robert A. B e l fe r , P r e s ident 
B e l c o  P e trol eum Corporation 

John F .  Bookout 
Pr e s ident and 

C h i e f  Executive O f f i c e r  
Shel l  Oi l Company 

W. J. Bowe n 
Ch airman o f  the Bo ard 

a nd President 
Tr ans co Comp an i e s  I n c. 

I. Jon Brumley 
Pres ident a nd 

Chi e f  Executive O f f i cer 
Southl and Roy a l ty Comp any 

I. David Bufkin 
Chairman a nd 

Ch i e f  Executive O f f i cer 
Te xa s E a s te rn Corporation 

Theodore A. Burti s 
Chairman , Pres ident a nd 

Ch i e f  Executive O f f i c e r  
Sun Comp any , Inc. 
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Jame s C. C a l aw ay , Pres ident 
Southwe s t  Mi nera l s , Inc. 

Wi l l i am E. Carl , Pre s ident 
Carl Oi l and Gas , I nc. 

John A. C arver , Jr. 
Directo r  o f  the N atura l  

Re s ourc e s  P rogram 
Co l l ege o f  Law 
Univer s i ty o f  Denver 

C. Fred Chambe r s , Pre side nt 
C & K P etro l eum , I nc. 

Col l i s  P. Chand l er , Jr. 
Preside nt 
Chand l er & A s so c i ates , Inc. 

Jame s E. Chenaul t ,  Jr. 
Pres ident 
Lone Star Ste e l  

E. H. C lark , Jr. 
Chairman o f  the Board 
Pres ident a nd 

Chie f  Executive O f f icer 
Baker I nternational 

Edwin L. Cox 
Oil and Gas P roduc e r  

Roy T. Dur s t  
Consulting Engine er 

Jame s W. Emi son , Pre s ide nt 
We stern P etrol eum Company 

James H. Evans , Chairman 
Union Pac i f ic Corporation 

John E. Faherty , Pres ident 
Crown Oi l and Chemi c a l  Company 

Frank E. F i tz s immons 
General Preside nt 
Internationa l Bro therhood 

of Teamsters 



John S .  Fo ste r ,  Jr . 
Vi c e  Pres ident 
Sc i e nc e  and Te chno logy 
T RW Inc . 

R .  I .  Ga l l and 
Cha i rman o f  the Board 
Amer i c an Pe trof i n a , Incorpor ated 

C .  C .  Garv i n ,  Jr . 
Cha i rman o f  the Board 
Exxon Co rpora t i on 

Jame s F .  Gary 
Ch a i rman a nd 

Ch i e f  Executi ve O f f i ce r  
Pa c i f i c  Re source s , Inc . 

Joe F .  Gary , Pres ident 
Sooner Pe trol eum Company 

Me lvin H .  Ge rt z , Pres i dent 
Guam Oi l & Re f i n i ng Company , Inc . 

Jame s w .  Gl anv i l l e  
General Partner 
La z ard Freres & Company 

Ri chard J .  Gon z a l e z  

Robert F .  Go ss , P re s i de n t  
O i l ,  Chem i ca l  and Atom i c  Wo rkers 

Internat iona l  Un i o n  

F .  D .  Go t twald , Jr . 
Ch i e f  Execut ive O f f i cer , 

Cha i rman o f  the Bo ard a nd 
Ch a i rman o f  Exec ut i v e  Comm i ttee 

Ethy l Corpora t ion 

Davi d  B .  Gr aham 
De puty Ge neral Coun s e l  
Ve l s i col Chem i c a l  Corporat i on 

Freder i c  C .  Hami l ton , Pres ident 
Ham i l ton Brothe rs O i l  Company 

Armand Hammer 
Cha i rman o f  the Bo ard a nd 

Chi e f  Execut i ve O f f i ce r  
Oc c i dental P e trol eum Corpora t i on 

Jake L .  Hamon 
O i l and Gas Produc er 
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John P .  Harb i n  
Chai rman o f  the Board and 

Chi ef Exec ut i v e  O f f i ce r  
H a l l i burton Company 

Fred L .  Hartley 
Chai rman a nd Pre s i de nt 
Union O i l  Company o f  Cal i forn i a  

John D .  Haun 
Immedi at e  P a s t  P re s i dent 
Ameri can As so c i at ion 

of Petrol eum Geologi s ts 

Den i s  H aye s 
Executi v e  D i re ctor 
So lar Energy Re search I n s t i tute 

H .  J .  Haynes 
Cha i rman o f  the Boa rd 
Standard O i l Company o f  Cal i forn i a  

Robert A .  He fner I I I  
Managi ng Partner 
GHK Company 

Robert R .  Herr i ng 
Cha i rman o f  the Board and 

Chi e f  Execut i ve O f f i cer 
Hous ton Natural Gas Corporation 

Leon H e s s  
Chai rman o f  the Board and 

Ch i e f  Execut i v e  O f f i cer 
Amerada Hess Corpor a t i o n  

Ruth J .  H i ner f e ld , P re s ide nt 
League o f  Women Voters 

of  the Un i t ed S t a t e s  

H .  D .  Hoopman 
Pres i dent and 

Ch i e f  Execut i ve O f f i ce r  
Marat hon O i l Company 

Mary Hudson , Pres ident 
Hudson O i l  Company 

Wi l l i am L .  Hutc h i son 
Cha i rman o f  the Board and 

Chi e f  Exe c ut i v e  O f f i ce r  
Texa s O i l  and Gas Corpor a t i on 



Prof e s so r  H e nry D . J acoby 
Director , C e nter for Energy 

P o l i cy Re search 
Mass achuse tts I n s t i tute 

o f  Technology 

John A .  Kaneb , Pres ident 
No rthe ast P e troleum 

Indus tr ie s , I n c . 

Jame s L .  Ke tel s en 
Cha i rman a nd 

Chi e f  Executive O f f i ce r  
Tenneco Inc . 

Thomas L .  Kimbal l  
Executive Vi c e  Pres ident 
National Wi ldl i fe F e de ration 

John T .  Kl ink ef us , Pres ident 
Berwel l  Energy , I n c . 

Charl e s  G .  Koc h  
Chairman and 

C h i e f  Execut i ve O f f i ce r  
Koc h  Indus tr ie s , Inc . 

John H .  Li chtblau 
Executive Di rector 
P e trol eum I ndus try 

Re search Foundation , Inc . 

J .  Hugh Li edtke 
Chairman o f  the Board 
Chi e f Execut iv e  O f f i ce r  
Pennzoil Company 

Je rry McA f e e  
Cha irman o f  the Board 
Gul f  Oi l Corporat ion 

Paul W .  MacAvoy 
The Mi lton S t e i nbach Pro f e s sor o f  

Organi z a ti on and Management and 
Economic s  

The Yale  S c hool o f  Organi z a tion 
a nd Manageme nt 

Y a l e  Uni ve rs ity 

Pe ter Ma cDona l d , Chairman 
Counci l  o f  Energy Re sour c e  Tr ibe s 

D .  A .  McGe e ,  Chairman 
Kerr-McGe e Corporation 
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John K .  Mc Ki n l ey 
Chairman o f  the Boa rd 
Texaco Inc . 

John G .  McMi l l i an 
Chairman and 

C h i e f  Executive O f f i c er 
Northwe s t  A l a skan 

Pipel ine Comp any 

W .  K .  McWi l l i ams , Jr . 
Pres ident 
W .  K .  M .  Inve s tments , Inc . 

C ary M .  Maguir e , Pre s ident 
Maguire Oi l Company 

C .  E .  Mar s h , I I  
Pres ident 
Mal l ard Oil & Gas Company 

W .  F .  Martin 
Chairman of the Board 
Phi l l ips P e tr o le um Company 

David C .  Mas s e l l i  
Environmental Consul tant 

F .  R .  Mayer 
Chairman of  the Board 
Exe ter Company 

Thomas B .  Medde r s , Jr . 
P artner 
Medders Oi l Company 

Jame s R .  Mo f fe t t  
Chairman and P r e s ident 
McMo Ran Exploration Company 

Je f f  Montgomery 
Chairman o f  the Board 
Ki rby Exploration Company 

R .  J .  Moran 
Chairman and 

Chi e f  Execut i v e  O f f i c er 
Horan Energy I nc . 

Robert Mosbacher 

C .  H .  Murphy , Jr . 
Chairman o f  the Board 
Murphy Oi l Corpo rat ion 



John H .  Murre l l  
Ch ie f Executive O f f i c e r  
DeGo lye r and MacNaughton 

Ira S .  Nord l i cht , Esquire 
Bo l t zmann , Wi se & Shepard 

R. L .  O ' Shi e lds 
Chairman and 

Chi e f  Executive O f f i cer 
P anhand l e  Ea stern 

Pipe Line Comp any 

S i dney R .  P e tersen 
Chairman of the Bo ard and 

Ch i e f  Executive O f f i ce r  
Ge tty Oi l Comp any 

Travis H .  Pe tty 
Ch airman o f  the Bo ard 

and Pres ident 
The E l  P a so Company 

John G .  P h i l lips 
Chairman of  the Bo ard a nd 

Chi e f  Execut i ve O f f i c e r  
The Loui s i ana Land 

& Exploration Comp any 

T .  Boone P i ckens , Jr . 
Pres ident 
Me sa Petro l eum Company 

L .  Frank P i tts , Owner 
Pi tts Oi l Company 

Ro semary S .  Pool er 
Chairwoman and 

Exectuive Di rector 
New Yo rk State 

Consumer Protection Bo ard 

Donald B .  Ri c e , Pres ident 
Rand Co rporation 

Corbin J .  Robertson 
Chairman o f  the Board 
Quintana Petroleum Corporation 

Jame s C .  Ro s apep e , P r es ident 
Ro sapepe , Powers & A s s o c i ates 

He nry A .  Ro senbe r g , Jr . 
Chairman o f  the Bo ard and 

Chi e f  Exe c ut iv e  O f f icer 
Crown Central P e trol eum 

Corporation 
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Ned C .  Rus so 
Consul tant o f  Pub l i c  Re l ations 
Stabi l - Dri l l  Spe c i al t i e s , Inc . 

Robert V .  S e l l e r s  
Chairman o f  t h e  Board 
C i ti e s  S e rv i c e  Company 

J .  J .  S immons , Jr . 
Pres ident 
S immons Royal ty Company 

Theodore Snyde r , Jr . 
Immediate P a s t  Pres ident 
Si erra C l ub 

John E .  Swe ar i ngen 
Cha irman of  the Board 
Standard Oil Company ( I nd i ana ) 

Robert E .  Thomas 
Chairman o f  the Board 
MAPCO I n c . 

George E .  Trimbl e 
Chairman o f  the Board and 

Chi e f  Execut ive O f f i cer 
Arninoi l  U . S . A . , Inc . 

H .  A .  True , Jr . 
Partner 
True Oi l Company 

Martin Ward , Pres ident 
Uni ted A s s o c i at ion of Journeymen 

a nd Apprentic e s  o f  the P lumbing 
a nd P i p e  Fi tting I ndus try o f  
t he Uni ted States and Canada 

Rawl e i gh Warner , Jr . 
Chairman o f  the Board 
Mobi l Corporation 

J .  N .  Warren 
Cha irman o f  the Board 
Goldrus Dril l ing Company 

John F .  Warren 
Indep endent Oil Operator/Producer 

A l ton W .  Whi tehouse ,  Jr . 
Chairman o f  the Board and 

Chi e f  Executive O f f ic e r  
The S tandard O i l  Company ( Ohi o )  



Jo seph H . Wi l l i ams 
Chairman of the Board a nd 

C h i e f  Executive O f f i ce r  
The Wi l l i ams Comp an i e s  

M .  A .  Wr ight 
Pres ident a nd 

Chairman o f  the Board 
C ameron I ron Wo rks , I n c . 
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Robe rt E .  Yancey , P re s ident 
Ashl and O i l ,  I n c . 

Keating V .  Z epp a , P r e s ident 
Del ta Dri l l ing Company 



APPENDIX B 

NAT IONAL PE TROLEUM COUNC I L  

C OO M I TTEE ON 
UNCONVENT I ONAL GAS S OURC E S  

CHA I RMAN 

John F .  Booko u t ,  Pre s id e n t  
and Ch i e f  Ex e c u t ive Of f i c e r  

She l l  O i l  Company 

E X  OFF I C I O  

C .  H .  Murphy , Jr . 
Cha i rman 
Na t io n a l  Pe tro l e um Counc i l  

GOVERNMENT COCHA I RMAN 

R .  Do b i e  Lan g e n k amp 
De p u ty As s i s t an t S e c re t a r y  
Re so u r c e  De ve l opm e n t a n d  

Opera t io n s 
Re sour c e  Appl i c a t i o n s  
u . s .  Depar tme n t  o f  En e rg y  

E X  OFF I C I O 

H .  J .  H a yn e s 
Vi c e  Ch a i rman 
Na t io n a l  Pe t ro l e um Counc i l  

SECRETARY 

Mar s h a l l  W .  N i c ho l s 
E x e c u t ive Di r e c to r  
Na t io n a l  Pe t ro l e um Co u n c i l  

R .  E .  Ba i l ey 
C h a irman and 

Ch i e f  Exe c u t i ve Of f i c e r  
Co noco I n c . 

Robert A .  Be l f e r ,  Pr e s id e n t  
Be l c o  Pe t ro l e um Co rpor a t i o n  

I .  Dav i d  Bu f k i n  
Ch a i rman and 

Ch i e f  Exe c u t ive Of f i ce r  
Te x a s  E a s t e r n  Co rpo ra t i o n  

John A .  Carve r ,  Jr . 
Direc tor o f  t h e  Na t ur a l  

Re so u r c e s  Prog r am 
Co l l ege o f  Law 
Un iver s i ty o f  De n v e r  

Co l l i s  P .  Ch and l e r , Jr . 
Pre s id e n t  
Chand l e r  & As so c i a te s ,  I n c . 

* * 
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Edward W .  Er i ck s o n  
Pro f e s so r  o f  Ec onom i c s  and 

Bu s in e s s  
No r t h  C a ro l i n a  S t a te Un ive r s i ty 

Jo hn S .  Fo s t e r ,  Jr . 
V i c e  Pre s id e n t  
Sc i e n c e  and Te c h n o l ogy 
T RW I n c . 

Frede r i c  C .  H am i l to n , Pre s id e n t 
Ham i l to n  B r o t he r s  O i l  Company 

Jo hn D. Haun 
Immed i a t e  Pa s t  Pre s id e n t 
Ame r i c an As s o c i a t io n  o f  Pe tro l e um 

Geo l og i s t s  
cjo Ge o l ogy De p a r tme n t  
Co lor ad o  S c ho o l  o f  M i n e s 

De n i s  H a ye s 
E x e c u t i v e  D i r e c to r  
So l a r  En e rgy Re s e a r c h  I n s t i t u t e 



; 

UNC ONVENT I ONAL GAS SOURC E S  

Rob e r t  A .  He f n e r I I I  
M a n ag i ng Pa r tn e r  
G H K  Comp a ny 

Robe r t  R . He r r i ng 
Ch a i rma n o f  t h e  Bo a rd a nd 

Ch i e f  Exe cu t i v e  Of f i c e r  
Ho u s ton N a t u r a l  Ga s Corpo r a t ion 

H .  D .  Hoopm a n  
Pre s id e n t  and 

Ch i e f  E x e cu t ive O f f i c e r  
Ma ra t ho n  Oi l Comp a ny 

F l oyd w .  Lew i s  
Ch a i rma n and 

Ch i e f  Exe c u t i ve Of f i c e r  
M i d d l e  Sou th Ut i l i t i e s , I n c . 

P a u l  W .  Ma cAvoy 
Th e M i l to n  S t e i n b a c h  Pr o f e s sor o f  

Organ i z a t i on a n d  M a n ag eme n t  
a n d  Econom i c s  

Th e Y a l e  S ch o o l  o f  Orga n i z a t ion 
and Ma n ag e me n t  

Ya l e  Un i v e r s i ty 

w .  C .  McCord 
Cha i rman and Pre s i d e n t  
E n s e r ch Co rpo r a t i o n  

C a ry M .  Magu i re ,  Pre s id e n t  
Magu i r e  Oi l Comp a ny 

C .  E .  Ma r s h ,  I I  
Pre s id e n t  
Ma l l a r d  O i l  & Ga s Comp a n y  
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W .  F .  Ma r t i n  
Ch a i rma n o f  t h e  Bo a rd 
Ph i l l i p s  Pe t r o l e um Comp a ny 

Tr a v i s H .  Pe t t y  
Ch a i rma n o f  t h e  Bo a rd a nd 

Pre s id e n t  
Th e E l  P a s o  C omp a ny 

Joh n  G .  Ph i l l i p s  
Ch a i rma n o f  t h e  Boa r d  an d 

Ch i e f  E x e cu t ive O f f i c e r  
Th e Lou i s i a n a  Land & E xp l o ra t ion 

Comp a ny 

Ro be r t  E .  S eymo u r  
Cha i rma n o f  t h e  E x e c u t i v e  

Commi t t e e  
Con so l i d a t e d  Na t ur a l Ga s Company 

El v i s J .  S t ah r 
S e n i o r  Cou n s e l o r  
Na t i on a l  Aud ubo n So c i e t y  

w .  A .  S t r a u s s 
Ch a i rma n o f  t h e  B o a rd a nd 

Ch i e f Po l i cy Of f i c e r 
I n  t e rNo r th , I n c . 

S t ephen A .  Wake f i e l d  
Bake r & Bot t s  

Le e C .  Wh i t e 
Fou n d i ng Pr e s id e n t  
Co n s ume r En e rg y  C o u n c i l  o f  Ame r i c a  



NAT IONAL PE TROLEUM COUNC I L  

C OORD I NATING SUB COMM I TT E E  
OF THE 

C OM M I TTEE ON 
UNCONVENT I ONAL GAS SOURC E S  

CHA I RMAN 

R i chard F .  Ne l so n  
Gene r a l  Man ag e r  Na t ur a l  Ga s 
She l l  O i l  Company 

AS S I STANT TO THE CHA I RMAN 

C h a r l e s  s. Ma t thews 
Con s ul t i ng Pe trol e um Eng i n e e r  
She l l  O i l  Company 

C .  Ov id Bake r ,  Manag e r  
E & P Re s e a r c h  Pl ann i ng 
Mob i l  Re s e a r ch & Dev e l opme n t  

Corpor a t io n  

John L .  Moore 

* 

Ch i e f  Prod uc t ion Eng i n e e r  
Con sol i d a t e d  Na t ur a l  Ga s Serv i c e  

Company 
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* 

GOVERNMENT COCHAI RMAN 

Luc i o  D ' An d r e a  
Ind u s tr i a l  Spe c i a l i s t/ 

Na t u r a l  Ga s 
Of f i c e  o f  O i l  & Na t u r a l  Ga s 
u.s. De pa r tme n t  o f  Ene rgy 

S ECRETARY 

John H .  Gu y ,  I V  
Di r e c to r ,  Comm i t te e  Ope r a t i o n s  
Na t i on a l  Pe t ro l e um C o u n c i l  

* 

Wi l l i am N .  Poun d s to n e  
Exe c u t i v e  V i c e  Pr e s id e n t  -

Eng i n e e r i ng 
Conso l i d a t i o n  Co a l  Company 

Thoma s W .  S t oy , Jr . 
Vi c e  P r e s id e n t  
O i l  and Ga s D i v i s i o n  
Un i o n  O i l  Company o f  C a l i fo r n i a  



NATIONAL PETROLEUM COUNC I L  

COAL S EAMS TASK GROUP 
OF THE 

COMMI TTEE ON 
UNCONVENTIONAL GAS SOURCES 

CHAI RMAN 

W i l l i am N .  Pound s tone 
Exe c ut ive Vice Pre s ident -

Eng i nee r i ng 
Con so l idation Coa l  Company 

ASS I STANT TO THE CHAIRMAN 

Kenneth E .  Novak , Econom i s t  
Coord i n a t i ng a nd Pl ann i ng 

Departme nt 
Conoco I n c . 

Al v i n  Ab rams , Pre s ident 
Geos e a rc h , Inc . 

Ma ur i c e  De ul 
Re search S upe rv i so r  
u . s .  Bureau o f  M i n e s  

Dr . A b  Flowe r s , D i rector 
Gas S uppl y Re search 
Gas Re s e a r ch I n s t i t ute 

Amz i G .  Gos s a rd 
General  Manag e r  
Und e rgro und Ope rations 
Ke rr-McGee Corporat ion 

Dr . J ame s v. Mahoney 
Sen io r  Re search Eng i ne e r  

* 

Coal M i n ing Proc e s s i ng D iv i s ion 
Un ited States Ste e l  Corporat i o n  

* 

GOVERNMENT COCHA I RMAN 

Troyt Yo rk 
O f f i c e  o f  O i l  and Natural  Gas 

Suppl y a nd Dev e l opme nt 
U . S .  Departme nt o f  Ene rgy 

SECRETARY 

Pete r J .  Cove r ,  Co n s u l tant 
National  Pe tro l e um Counc i l  

* 

Ri c h a rd M .  O r r , Manag e r  
Re s o urc e s  and Mate r i al s 
CNG E n e rgy Company 

Harvey S .  Pr i c e  
Se n io r  Vic e Pres ident 
Inte rc omp Re so urce Deve l opme nt 

& Eng i nee r i ng , Inc . 

Ar i e  M .  Ve r r ip s  
Ex e c u t ive D i re cto r  
Ame r i ca n  P ub l i c  Gas Assoc i a t io n  

Dr . H i l ma r  A .  v o n  S c ho n f e l d t  
Man ag e r  
Coal Mi n i ng Re s e a r c h  
Oc c id e nta l  Re s e a rch Corpo rat i on 

SPEC IAL ASS I STANTS 

Ben H .  Da ud , Manag e r  
Con so l id ation Coal o f  Austra l i a 
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Raymo nd R .  Gal l i  
As s i stant Man ager o f  Re sources & 

Mate r i al 
CNG Ene rgy Company 



Raymond L .  Ma z za 
Se n ior Sta f f  Eng i n e e r 
Conoco Inc . 

Joh n c .  Share r 
As s i s tan t D i r e c tor 
Unconve n t ional N a t ur a l  
Gas Re search I n s t i t u t e  

Gas 
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Edwa rd R .  Talon 
D i rec tor of  Ga s Deve lo pme n t  
I n terc omp Re s ourc e s  Dev e lopme n t  & 

Eng i ne e r i ng , I n c . 



NATI ONAL PETROLEUM COUNC I L  

D EVONIAN S HALE TASK GROUP 
OF THE 

COMMI TTEE ON 
UNCONVENTIONAL GAS SOURCES 

CHAI RMAN 

John L .  Moore 
Ch i e f Prod uction Eng i n e e r  
Consol id a ted Na tural Gas 

Se r v i c e  Company 

GOVERNMENT COCHAI RMAN 

Je f frey B .  Sm i th 
D i v i s ion o f  Fos s i l F ue l 

Ex tract ion 
u.s. Depa r tme nt of Ene rgy 

SECRETARY 

Joh n  H .  Guy , IV 
D i rector , Comm i ttee O p e r a t i o n s  
Nat ional Petro l e um Counc i l  

Char l e s  E .  Brooks 
Plann i ng Eng i ne e r  
Con so l id ate d  Natural Ga s 

S e rv i c e  Company 

E r n e s t  B .  Je nk i n s  
Ope r a t i ng Man ag e r  

* * 

Ken tucky-We st Virg i n i a Gas  Company 

Dr . Harry C .  Kent , D i recto r  
Po te n t i al Ga s Age n cy 
Colo rado S chool o f  M i n e s  

W i l l i am F .  Mo r s e  
Director o f  Re search 
Col umb i a  Gas  Sys tem S e rv i ce 

Corporat i o n  

Rol and L . Robe r t so n , Man age r 
Re so ur c e  Devel opme nt Operat ions 
TRW Energy Systems Group 

* 

Dr . Leo A .  Rog e r s , Manage r  
Gas Re s e rvo i r  Analy s i s  
I n s t i tute o f  Gas Technology 

Dr . T .  Vi swanathan 
D i recto r  of  E n e rgy Re sour c e s  

S e c t i on 
Prod uct ion Re se arch Departme nt 
G u l f Re s e a r c h  & Devel o pme nt 

Company 

A .  B .  Wa ters 
Te c h n i c a l  Man age r ,  

Prod uc t io n  Improveme nts 
Hal l i b ur to n  Se r v i c e s  D i v i s ion 

S PEC IAL ASS I S TANTS 

Stephen P .  Creme a n  
Sen io r  Re se arch Eng i n e e r  
Col umb i a Gas System S e rv i c e  

Corporation 
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B .  D .  H ag e r  
Ch i e f  Geolog i s t  
Ke ntucky-We st V i rg i n i a  G a s  Company 



Rob e r t  S .  Ot t i ng e r  
As s i s tant Man age r  
Re so urce Devel opme n t  Ope r a t ions 
TRW Ene rgy Sys tems Group 

Charl e s  R.  Sk il l e r n  
Sen ior Pro j e c t  Eng i ne e r  
TRW Ene rgy Sys t ems Group 
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Rob e r t  R .  T r ump 
Se n io r  Re s e a r c h  Eng i n e e r  
Gul f Re s e arch & Deve l opme n t  

Compa ny 



NATIONAL PETROL EUM COUNCIL 

GEOPRE SSURED BRINES TASK GROUP 
OF THE 

COMMITTEE ON 
UNCONVENTIONAL GAS SOURCES 

CHAIRMAN 

Thoma s w .  S toy , J r . 
V i c e  Pre s id e n t  
O i l  and G a s  D i v i s ion 
Un i o n  Oil  Company of  Cal i forn i a  

GOVERNMENT COCHAIRMAN 

Don C . Ward 
Sen i o r  Te c h n i c a l  Ad v i so r  
Bartl e sv i l l e  E n ergy Te ch nology 

Ce n t e r  
U . S .  Depar tme n t  o f  Energy 

S ECRETARY 

John H .  Guy , IV 
D i r e c tor , Comm i t tee Ope r a t i o n s  
N a t ional Pe trol e um Coun c il 

* 

J .  Donald C l a rk 
Reg ional  Re se rvo i r  Eng i n e e r  
Un ion O il Company o f  Cal i fo r n i a  

J .  D . Combe s  
Sen io r  Dr i l l i n g  Con s ul ta n t  
Chevron U . S . A . , Inc . 

Dr . Myron H .  Dor fma n , Ch a i rman 
Petro l e um Eng i ne e r i ng Depar tmen t  
Un ive rs i ty o f  Tex a s  a t  Au s t i n  

Dor i s  Falkenhe i ne r  
Immed i a t e  P a s t  Reg ional  

V i ce Pre s id e n t  
Gul f Coa s t  Are a  
S i erra Cl ub 

Leo w .  Hough 
Cons ul t i ng Geo l og i s t  
Departme n t  o f  Pe t ro l e um 

Eng i ne e r i ng 
Lou i s iana S t a te Un ive rs i ty 

Charl e s  E .  Jones 
Manager o f  Spe c i a l  Pro j e c ts 
Mob i l  GC Corpo r a t ion 

* 
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* 

E .  J .  Langh e te e  
Vice  Cha i rman o f  t h e  Board 
Th e Lou i s i ana L and & 

Ex pl orat ion Company 

R i c hard C .  L i ndwal l 
Manag e r  o f  P l ann ing a nd Val u a t ion 
Geothe rma l D i v i s i o n  
Un ion O i l  Company o f  Cal i fo r n i a  

Dav id E .  Powl ey 
Sen io r  Re se arch As so c i a t e  
Amoco Prod u c t ion Comp a ny 

Ph i l i p  L .  Rand o l ph 
As soc i at e  D i re c tor 
Unconve n t ional N a t u r a l  Gas 

Re s e a r ch 
In s t i t u te o f  G a s  Te c h nol ogy 

L .  H .  S awa t sky 
Sen ior S t a f f  Geo log i c a l  Eng ineer 
She l l  O i l  Compa ny 

F .  R .  Wad e 
Pe tro l e um Con s ul ta n t  



J .  Ke i th We s th u s i ng , D i re c to r  
Geopre s s ur e  Pro j e c t s  Of f i ce 
u .s . Depa rtme n t  o f  Energy 

Pro f e sso r  Robe rt L .  Wh i t i ng 
Pe tro l e um Eng i n e e r i ng Depar tmen t  
Tex as A&M Unive rs i ty 

We ldon 0 .  W i ns a u e r  
Re s e rvo i r  Eng i n e e r i ng Coord i n a tor 
Ex xon Comp a ny , U . S . A .  

SPEC IAL AS S I S TANTS 

Errol Ande rson 
Reg ional Coun s e l  
Un ion O il Compa ny o f  Cal i fo r n i a  

W i l l i am P .  Purc e l l  
Plann ing Eng i n e e r  
U n i o n  O i l  Company o f  Cal i fo r n i a  
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L e e  c .  Vog e l  
Sen ior Re s e a r c h  Assoc i a t e  
Un i on O i l  Compa ny o f  Cal i fo rn i a  

Lo u i s  H .  Wr ig h t  
Se n io r  Pro j ec t  Eng i ne e r 
Ex xon Company , U . S . A .  



NAT IONAL PETROLE UM C O UNC I L  

T I GHT GA S  RESERVO IRS TAS K  GROUP 
OF THE 

C OM M I TTEE ON 
UNCONVENT I ONAL GAS S OURCE S  

CHAI RMAN 

C .  Ov id Bake r ,  M a n ag e r  
E & P Re s e a r c h  Pl ann i ng 
Mob i l  Re s e a r c h  & De v e l opme n t  

Co rpora t ion 

GOVERNMENT COCHAI RMAN 

Luc i o  D ' An d r e a  
I nd u s tr i a l  Spec i a l i s t/ 

Na t u r a l  Ga s 
Of f i c e  o f  O i l  & Na t ur a l  Ga s 

Suppl y 
U . S .  Depar tmen t  o f  Ene rgy 

SECRETARY 

Pe t e r  J .  Cove r , Cons ul t a n t 
Na t i on a l  Pe tro l e um Co u n c i l  

Dr . Cl a ud e  P .  Coppe l 
Sen ior Re se a rc h  As soc i a te 
C h e v ron O i l  F i e l d Re se a r c h  

Company 

Char l e s  J .  C rowley 

* 

Co n s ul t i n g  Re s e rvo i r  Ge o l og i s t 
Re s e rvo i r  Eng i n e e r i ng 

Depar tme n t  
Th e El Pa so Na t ur a l  Ga s C ompany 

Dr . Joh n  N .  Dew 
D i r e c to r  o f  Spe c i a l  Pr o j e c t s  
Re se a rch and Deve l opmen t 
Conoco I n c . 

Dr . Jo hn D .  Ha un 
Geol ogy Depar tmen t  
C o l orad o  S c hool o f  M i n e s  

Ke i th V .  Hawk i n s  
Ch i e f Geo l og i s t  
Na t u r a l  Ga s P i pe l i n e  Company 

o f  Ame r i c a  

Dr . Stephen A .  Hold i tc h  
Pe tro l e um Eng i n e e r i n g  De pa r tme n t  
T e x a s  A&M Un i ve r s i ty 

* 
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* 

F .  Gl e n n  Ma r t i n 
Pr i nc i pa l  Re s e a r c h  Eng i ne e r  
Re s e a r c h  & De v e l opme n t  De pa r tme n t  
Arc o O i l  & Ga s C ompany 

Jame s A .  M ompe r 

R .  J .  Sa uc i e r  
S t a f f  Re s e a r c h  Eng i n e e r  
S h e l l Dev e l o pme n t  C ompany 

Dr . Al v i n  L. S c h a l g e  
Se n io r  Re s e a r c h  Ch em i s t  
M ar a t ho n  O i l  C omp a n y  

Ch a r l e s  W .  Spe nc e r 
Prog r am Ch i e f 
U . S .  On s h o r e  Ba s i n s  S t ud ie s  
U . S .  Ge o l og i c a l  S u r vey 

Fr ank W .  S t e ad , Ge o l og i s t 
u . s .  Ge olog i c a l  S ur v e y  

G .  W .  S u l l i v a n  
Ec onom i c s  a n d  Comp u t e r  

Appl i c a t i o n s  Ad v i s o r  
Gu l f  O i l  Expl o r a t i o n  and 

Prod uc t i o n  C omp a n y  



T I GHT GAS RE S E RVO I RS TAS K  GROUP 

Dr . Ra lph W .  Ve a tc h , Jr . 
Re s e arch Supe rv i so r  
Amoc o  Prod uc t io n  Comp a ny 

J ame s R .  Web e r  
Vi c e  P re s id e n t  - E x p l ora t i o n  
Cha nd l e r  & As s o c i a te s ,  I n c . 

SPEC IAL AS S I STANTS 

Con f id e n c e  W .  0 .  Amad i 
Re se arch As s i s ta n t  
Mob i l  Re s e a r c h  & 

Deve l opme n t  Corpo r a t i o n  

Dr . J .  P .  Br a s he a r , Pr i n c ipal 
Lew i n  & As soc i a  tes , · I n c . 

Robe r t  D .  C a r t e r  
Re search S u pe rv i so r  
Amoc o  Prod uc t io n  Comp a ny 

John s .  Conway 
Pe trol e um Eng i n e e r  
u . s .  Depa r tme n t  o f  En e rgy 

T .  D. Cook 
Ma n ag e r  of S t r a t ig raph i c  S e rv i c e s  
She l l  O i l  Compa ny 

Sand r a  J .  Do u g h e r t y  
As soc i a te Comp u t e r  An a ly s t  
Amoco Prod uc t i o n  

Ll oyd E .  E lk i n s  
Pe tro l e um C o n s ul t a n t  
Lewi n  & As soc i a te s , I n c . 

Joh n  H .  Eva n s  
Se n io r  Re s e ar c h  E c onom i s t  
Mob i l  Re s e a r c h  & 

De ve l opme n t  Corpo r a t i o n  

Dav id C .  Faecke 
Sen io r  Re s e a rc h  Economi s t  
Mob i l  Re s e a r c h  & 

Dev e l opme n t  Corpo ra t i o n  

Dav i d  V .  F i nd l e y  
Re s e a rch As s i s t a n t  
Mob i l  Re s e a r c h  & 

De ve l opme n t  Co rpo r a t i o n  
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Joh n  L .  F i t c h  
Ma n ag e r , Prod u c t i o n  Me c h a n i c s  
Mob i l  Re s e a r c h  & 

Dev e l opme n t  Co rpo r a t i o n  

Jame s H .  Gr i f f i th 
Geo l o g i c a l  Spec i a l i s t  
Mo b i l  O i l  Co rpo r a t i o n  

Carrol F .  Kn u t s o n , Pa r tn e r  
C .  K .  Geo En e r g y  

Rob e r t L .  Man n  
Vi c e  Pr e s i d e n t  
C . E . R . Corpor a t i o n  

C h a r l e s  N .  N e e d h am 
As s o c i a t e  Expl o r a t i o n  Geo l og i s t 
Mob i l  Prod uc i n g  Te x a s  & 

New Me x i c o ,  I n co rpo r a te d  

Dud ley D .  Ri c e , Ge o l og i s t 
u . s .  Geo l o g i c a l  Survey 

Mu s t a f a  Se n g u l  
Re s e a r c h  Eng i ne e r  
Mar a t ho n  O i l  Comp a n y  

Fred L .  S tr i c kl i n ,  Jr . 
Expl o r a t i o n  M a n ag e r  
S o u t h e r n  Reg i o n  
K i r by Expl o r a t i o n  Company 

Al l e n  A .  S t r ipl i ng , Pr e s i d e n t  
Str i pl i n g  As s o c i a te s  




